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MINUTES. 



OPENING OF CONVENTION. 



The Association met at the Masonic Temple, Tues- 
day, February 17, 1891, and was called to order by 
the President, Marsden J. Perry, at 11. 15 a. m. 

The President : Gentlemen of the National Elec- 
tric Light Association : It is very gratifying, indeed, to 
me to meet you here at my own home. Already I 
discern evidences of earnest purpose that will accom- 
plish most excellent work before we go hence. 

I have great pleasure in now introducing to you 
Hon. Charles Sydney Smith, Mayor of the City of 
Providence, who will bid you a formal welcome to the 
city. (Applause.) 

ADDRESS OF WELCOME. 



By Mayor SxMIth, of Providence. 



Mr, President, Ladies and Gentlemen : I esteem it 
a high compliment, the kindness which your President 
has bestowed upon me in asking me to extend to you a 
cordial welcome to our city. My fellow citizens feel 
highly honored by your presence among us. I wish 
very much that the conditions overhead might have been 
more pleasant, less tearful. I certainly wish that your 
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semi-annual convention might have been held here in 
the summer months, when we could have shown you an 
institution peculiar to ourselves, and to which I very 
much doubt that the application of electricity as a motive 
power would have in any way improved, to wit, our 
method of despatching clams. (Laughter.) It is an 
institution peculiar to Rhode Island. Our city is large 
in population, has industries diversified, and some of them 
of the finest and many of them of the largest, I think, in 
the world. We are, perhaps, not so thoroughly ac- 
quainted with the subjects which you will discuss as we 
ought to be, or as many of us desire to be. There is an 
element in our community, like all others, fearful of its 
results. Some men, by reason of their habits of life, I 
may say, are always fearful of death ; men often flee 
when no one pursueth — **The wicked flee when no man 
pursueth." Before you get through with your convention 
I hope you will be able to tell us whether there is any 
danger in that matter which we are so earnestly discuss- 
ing at the present day, namely, the application of elec- 
tricity as a motive power to street cars. We need it 
very much in some form or other, and we are only en- 
deavoring to find out if death will ensue hourly by its 
application. (Laughter. ) 

Gentlemen, the subjects which you are to discuss I 
have no knowledge of and am entirely unacquainted 
with them. Sometimes I speak upon matters of which 
I have no knowledge, but it is never when I know it. 
Therefore, I shall not undertake to discuss these subjects, 
but undoubtedly before your convention closes I shall 
know more than I do to-day about them. I have, there- 
fore, prepared no remarks, but simply desire to express 
our gratification that you have assembled with us, and to 
express to you the pleasure which it will aff"ord us to 
show you through our manufacturing industries, and also 
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leaving you to the tender care and the loyal service 
which I know that your committee will render to you in 
making your stay agreeable and pleasant, and, I hope, 
profitable. 

Again, Mr. President and gentlemen, I thank you 
for this kindness. (Applause.) 



ANNUAL ADDRESS. 



Bv Marsden J. Perry, President, 



At this, our Thirteenth Convention, we have a double 
duty to perform — a duty to , the past, a duty for the 
future. We who are absorbed in dealing with the prob- 
lems of to-day, and in attempting to reach a little way 
into the future by anticipating the demands that may be 
made upon us, can well afford to pause a moment to pay 
a fitting tribute to those whose labors in the past have 
made our present possible. 

We are here to pay to the pioneers of the electrical 
industries a tribute of intelligent appreciation of intelli- 
gence, and to recognize in a formal manner the mag- 
nificent realization of the inventor's hopes and the scien- 
tist's dreams, to erect a milestone that shall mark the 
closing of the first decade of the practical commercial 
application of electricity, a development which has shown 
grander results than ever before known in the industrial 
history of the world. I ask you to step back a few 
years, to the time when no electrical work, as we now 
know it, was in existence, and from that standpoint 
measure the meaning and value of what has since been 
done. 

We are told that Franklin's kite experiment was made 
in 1752, and that in 1753 he invented the lightning rod. 
The age of electricity may be reckoned from that date. 

In the year 85 A. F. (after Franklin), the first elec- 
trical company in the world was incorporated by a char- 
ter granted by the State of Rhode Island This char- 
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ter was granted in June, 1838, to E. J. Mallett and his 
associates, successors and assigns, by whose genius it was 
conceived, and what became of those aborigines of the 
electrical age I cannot tell you. That Mr. Mallett and 
his associates, whoever they were — no other name is 
mentioned in the charter — , were true prophets of science 
and industry is unmistakably shown in their marvelous 
conception of the possibilities of their undertaking. The 
third section of their charter is as follows : 

**The said corporation shall have power to cause ex- 
periments to be made in electro-magnetism, magnetism 
and galvanism, with a view of the development of said 
sciences as a motive power for machinery or other useful 
purposes ; also to manufacture the necessary machinery 
and other apparatus therefor; to build and construct 
boats, vessels, railroad cars and engines, to be moved by 
electro-magnetism or galvanism." 

Has any one to-day a broader view of the possibili- 
ties of electric power than this ? 

In selecting Providence for the meeting place of 
your Thirteenth Convention you builded better than you 
knew. You not only at this time celebrate the first dec- 
ade of electric lighting, but you celebrate it in the birth- 
place of far-reaching appreciation of electric power. 

In the year 91 A. F., Morse constructed the first 
practical telegraph line. He connected Washington with 
Baltimore by telegraph in 1844. Seven years before 
that he exhibited his telegraph in the University of New 
York. Between invention and success there were seven 
years of working and waiting. 

In the year 113 A. F., Field laid the first successful 
ocean cable in 1 866. Eight years before a cable was laid 
which operated but a few weeks. Before success there 
were eight years of patient, courageous work, such as 
man has seldom had the power to endure. 
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In the year 122 A. F., Bell gave the telephone to 
society in 1875, ^^d thade all the people of the town 
neighbors. His years of faithful work preceding drown- 
ing success are well remembered. 

In the year 125 A. F., Brush exhibited a light that 
caused people to think the sun had forgotten to set at 
the ordained hour. The first time the public ever saw 
lamps burning in series was at the exhibition of the 
American Institute, held at New York, September 1 1 to 
November 23, 1878. 

Two isolated plants were then sold, consisting of a 
six light Brush dynamo and six series lamps. One 
went to Messrs. Losier & Co., dry ^oods merchants, of 
Brooklyn, N. Y.; the other went to Messrs. Freeland, 
Loomis & Co., Continental Clothing House, in Boston, 
Mass. 

The first arc light central station was installed by the 
California Electric Light Company, of San Francisco) 
in 1879. 

In the year 127 A. F., Edison divided the electric 
current and produced miniature suns that might be placed 
wherever more light was desired for use or pleasure. 

The first Edison isolated plant was installed in 1 880, 
in the printing establishment of the Hinds & Ketchuni 
Company, Brooklyn, N. Y. A paragraph in a circular 
issued by this company, under date of February .1, 1881, 
is as follows : 

**Our building is 40x.r6o, four floors, lighted on all 
sides and fitted throughout with Edison incandescent 
lights, operated by a special dynamo electric machine, 
operated on the premises. We are the first manufact- 
urers in the world to put into practical operation this 
great triumph of American genius, which is a true sub- 
stitute for daylight, showing all colors in their natural 
hues, and our friends are invited to call and see the oper- 
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ation of Professor Edison's wonderful subdivision of the 
electric current and vacuum lamp." 

Mr. Hinds writes: ** I think the proudest moment 
of my life was when I turned on the switch for the first 
time and saw the room lighted up by what seemed to be 
the greatest wonder of the world — the incandescent 
lamp." 

The first steamship electric plant was one of Edison's, 
installed with 1 20 lamps in the steamship "Columbia," of 
the Oregon Railroad and Navigation Company, January 
10, 1881. 

The first Edison central station was installed, with 
4,000 lamps, in Pearl street, New York City, September 
4, 1 88 2. To start this plant Edison had to overcome 
more than electrical, mechanical and financial difficulties. 
He had New York Aldermen to deal with. The fol- 
lowing occurs in an inter\'iew with Edison, published in 
the New York Heralds Januar)' 20, 1881 : 

"When will you be ready to light New York?" 
Eldison replies : *' I am ready now. but we have no per- 
miL I find it hard to get the requisite aldermanic con- 
ditionsw The company laid an application before the 
board, the application was referred to the laws com- 
mittee^ and was reported back saddled with conditions 
which savor of a body of gas men rather than public 
servants. They wanted, in the first place, the company 
to pay 10 cents per lineal foot for all wire laid down. 
That would be 20 cents for ever}' foot of street, for we 
woold run wires on both sides. That is over $1,000 a 
naiie. This, too, when gas companies pay not a cent 
Tbe second clause was that we should light the streets at 
ra per cent above actual cost The third clause was 
rfisit ajfter live years, three per cenL of gross receipts shall 
gO' tta ttfae cirv." 
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This is an example of encouragement given by the first 
city in America to American genius, skill and enterprise. 

Ten years ago the only electric currents in use were 
the feeble currents of the telegraph and telephone. 
There was then not a lineman, nor a workman of any 
kind, who had ever heard of the high tension currents we 
are using to-day for the services of light and power. No 
man had ever handled conductors carrying such currents, 
nor manufactured apparatus for operating them, except- 
ing in an experimental way. There was not an educa- 
tional institution giving a course of technical training in 
electrical engineering. Consider this, then behold what 
has been accomplished in the first decade of electric 
lighting. A period of time no longer than Morse, Field 
and Bell were compelled to wait and work to span the 
chasm lying between invention and practical success. 

Confine your observations exclusively to the United 
States, and you will find the electric light in use by 6,000 
isolated plants ; 700 steamboats of American register ; 
350 gas companies furnishing electric light and power ; 
200 'street railroads operated by electric power; 1,500 
electric lighting and power stations. Facts like these 
need no embellishment to make them eloquent 

Now, look beyond the limits of this country and see 
the development of electrical industry throughout the 
world during the first decade. Never before has such a 
transformation taken place. And this is not the end — 
it is but the beginning of things that are to be. 

American genius, skill and pluck has, in all depart- 
ments of industry, secured within this century benefits 
of high value for all mankind. That this truth may be 
known for all time, it is our duty to preserve in the most 
enduring and instructive form proper records of the 
achievements of all American industrial pioneers. Soon 
a fitting opportunity will present itself for the celebra- 
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tion of the first lOO years of American invention by duly 
honoring the beginning of the second century of the 
American^ patent system. In that grand marshalling 
of those who made prophecies and fulfilled them, 
who had the genius to see, and the skill, courage 
and patience to execute, we must see to it that 
electrical workers occupy their rightful place of honor. 
The interest begun here should reach full tide then, and 
should culminate in placing in the National Museum, 
at Washington, a collection of drawings, models, relics, 
etc., illustrating the birth and development of electrical 
industries in America. Such a collection should give at 
a glance to the unskilled workman or the general public 
an intelligent idiea of successive steps of progress and 
invention and construction, that have led from the be- 
ginning of the telegraph and telephone to those systems 
of communication as at present perfected ; from the first 
production of an electric spark to the light we now have; 
from the first lifting of a weight by an electric magnet to 
the present marvelous manifestations of electric power. 
It is of the highest importance that such a collection be 
made and preserved, not alone for the instruction of the 
people of our own time, but as history for our successors, 
written in the forms of the things we use, thus enabling 
future investigators to determine the relative influence of 
the electrical industries in forming the character of our civili- 
zation, and in enhancing the degree of our prosperity. 

One point is worthy of emphasis while engaged in 
this review; this is the year 138 after Franklin. Would 
society consent to be placed back to the conditions it 
was in when Franklin made his kite experiment, if it 
could thereby recover from the pioneers in electrical 
work all that they have personally retained from the 
wealth that has been created by developments from their 
initial undertakings? No; not for a single day. They 
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have given to society benefits a thousand times more 
valuable than all they have received, or that it is possible 
to confer upon them. Their services are of that divine 
order in the measuring of which money values are im- 
potent. Limits of time and space are unknown to them. 
They are with us, and of us, but they take cognizance of 
no country, no race or generation. Their field is the uni- 
verse. The benefits of their service are for all men. They 
receive tribute of grateful honor from all intelligence. 
Their work is of the past. Our work is from the future. 

What report shall be made at the celebration of the 
close of the second decade of electric lighting and 
power ? The first Edison station has increased its ca- 
pacity from 4,000 to 15,000 lamps in eight years. At 
this rate of increase this plant will be supplying 60,000 
lamps 10 years hence. We cannot measure the limits 
of future developments. We have done much, but we 
have produced only a sample of what is to be. An ob- 
server states that there is not a plant in existence having 
a sufficient capacity to supply one-twentieth of the de- 
mand for light and power that now exists within prac- 
tical working limits of its area of distribution. If this 
be true, then, within 10 years, if each station is fully to 
occupy its territory and keep pace with the growth of 
population, its capacity must be increased many times. 

The central station men of this country do not realize 
the possibilities of development that lie before them. They 
do not see many sources of income that are as yet un- 
touched. The accelerated pace at which progress is now 
moving will render the work of the next 10 years enor- 
mously greater than all that was accomplished during 
138 years after Franklin. The car of progress will not 
stop for us any more than it did for those who were be- 
fore us. We have given it momentum, but we cannot 
hinder it. Let it be our ambition, then, as it is our duty, 
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to supply every demand for every kind of light and 
power service within reach of our stations. Those of 
you who do not do this will induce competitors to come 
within your limits, to divide your business and erect an 
obstacle in the way of your growth, that can be over- 
come only by buying out or selling to the intruder. To- 
day the whole territory is yours to hold, to occupy, to 
serve. Be the equal of your opportunity, and at the second 
decennial celebration of electric light and power, the capac^ 
ity of your plant may be many times what it is to-day. 

The records of the beginning of the electrical indus- 
tries are being written for the imperishable pages of his- 
tory. We have gained the strength of the difficulties 
that have been overcome. Like the armies of volunteers 
that made ours a free nation, the forces now engaged in 
electrical work were recruited from every vocation. To- 
day over 30 educational institutions of high grade are 
preparing the best brains among young men to do scien- 
. tific and technical work. The practical American work- 
man, who has proven by wh^t he has done that his rank 
is second to none, the peer of skilled workmen of^ the 
world, is educating his helpers and associates in the 
practical school of daily occupation. 

Enterprise is ever young ; we are incidents, while an 
industry, like human energy and force, will go on for- 
ever ; when we tire and seek our rest, younger men will 
be eager to fill our places. Let us, then, begin where 
we may. Let us honor ourselves by fulfilling our double 
duty, which is to duly honor those who have placed us 
under obligations for the work they have done in the 
past, and so to do our work that our , successors shall 
have equal cause for honoring us. 

I now declare the Thirteenth Convention Jo be opened 
for the transaction of business. Announcements will be 
made by the secretary. 



ANNOUNCEMENTS. 



The Secretary : I have received a number of 
invitations to be extended to the members of the Asso- 
ciation, which I will read : 

Providence Telephone Co., 

Providence, R. I. 

To the Members of the National Electric Light Asso- 
ciation, 

Gentlemen : In the name and behalf of the Prov- 
idence Telephone Company, I have the pleasure to 
tender to the delegates and others of the electrical pro- 
fession in attendance on the Annual Convention of the 
National Electric Light Association, fraternal and cor- 
dial greetings ; and to place our rooms and the facilities 
of our exchange at their service during their stay in 
our city. . 

Congratulating you on the present encouraging 
aspect, and trusting the meeting will amply fulfill your 
just expectation, I remain, 

Yours very truly, 

Henry Howard, President. 

Providence, R. I., February i6, 1891, 

To the Members of the National Electric Light Asso- 
ciation. 

Gentlemen : The Union Club of Providence re- 
spectfully tender the freedom and hospitality of their 
club house to the members of your Association, dur- 
ing the week of its Thirteenth Convention. 

For the Union Club, 

Gardiner C. Sims, Vice-President, 

The club house is situated comer of Washington 
and Abom Streets. (Applause.) 
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Providence Board of Trade, 

Providence. R. I. 

Marsden J, Perry, President National Electric Light 
Association, 

Dear Sir : It is a matter for congratulation that 
the reputable Association, of which you are the honored 
president, should select our city as the place for holding 
their annual meeting this year. The presence of so 
many men who have become eminent in the develop- 
ment and promotion of electricity in its manifold prac- 
tical adaptations makes them distinguished visitors, and 
the Providence Board of Trade desires to place at their 
disposal the use of its rooms, where they will find all 
the newspapers, as well as complete telegraphic quota- 
tions and other business facilities which may be useful 
to them while tarrying with us, and they will be cordially 
welcome to avail themselves of these accommodations. 

Very truly yours, 

C. H. George, President, 

(Applause.) 



American Electrical Works, 

Providence, R. I. 

To Members of the National Electric Light Association, 

Gentlemen : Our offices will be turned into recep- 
tion rooms during the Electric Light Celebration and 
Convention, to be held in Providence, February 17, 1 8 
and 19, 1891. 

Representatives of the company will be pleased at 
any time to extend courtesies to members of the Asso- 
ciation and their friends who may visit us. 

Very truly yours, 

American Electrical Works, 

E. F. Phillips, President, 
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Armington & Sims Engine Co., 

Providence, R. I. 

To Members of the National Electric Light Association. 

Gentlemen : We take pleasure in extending the 
freedom of our works to the members of the National 
Electric Light Association and their friends at any time, 
but most especially during their Convention to be held 
in this city. 

We have made many new departures in the way of 
steam engineering, and now build 5 1 sizes of electrical 
engines. Although our works are driven to their utmost 
capacity, we will make an effort to have some engines 
running as well for inspection during the Association 
season. 

Sincerely yours, 

Gardiner C. Sims. 

New England Butt Co., 
Providence, R. I. 

To Members of the National Electric Light Association, 

Gentlemen: I am pleased to extend to the members 
of your Association my cordial invitation to visit our es- 
tablishment at any time during their attendance on the 
Convention to be held in this city, February 1 7, 1 8 and 
19, 1 89 1. Yours truly. 

New England Butt Co., 

H. N. Fenner, Secretary, 

Rhode Island Locomotive Works, 

Providence, R. I. 

To Members of the National Electric Light Association, 

Gentlemen: We are informed that you are to hold 
a Convention in Providence, February 17, 18 and 19, 
1891. 

Thinking that some members and friends may be in- 
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terested in visiting some of the industrial establishments 
in the city during their stay here, we cordially invite all 
who will kindly do so to visit our \srorks. 

Yours truly, 

Earl Philup Mason, Vice-President, 

GoRHAM Manufacturing Co., 

Providence, R. I. 

To Members of the National Electric Light Association, 

Gentlemen: We are inforrried by Mr. Eugene F. 
Phillips, Chairman of the Local Reception Committee, 
that you are to hold an Annual Convention in Provi- 
dence, February 17, 1 8 and 19, 1891. 

If it is your purpose to visit some of the representa- 
tive industrial establishments of our city, you will kindly 
include among the number that of the Gorham Com- 
pany. It will afford us much pleasure to receive mem- 
bers or their friends, and to have them inspect our new 
plant att Elmwood. 

Yours truly, 

Gorham Manufacturing Co., 
J. F. P. \aK^i:6'^, Secretary. 

American Screw Co., 

Providence, R. I. 

To Members of the National Electric Light Association. 

Gentlemen : Through the courtesy of Mr. Eugene 
F. Phillips, Chairman of the Reception Committee, we 
are glad to inform you that it will give us much pleasure 
to have members of the National Electric Light Asso- 
ciation and their friends, while in convention in this city, 
during the third week of February, visit our works, and 
we hope you will accept oiir invitation most cordially 
extended. Yours truly, 

Olney Arnold, Secretary. 
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Brown; & Sharpe Manufacturing Co., 

Providence, R. I. 

To Members of the National Electric Light Association. 

Gentlemen : Desiring to have a share in the hos- 
pitality to be extended to the members of the Associa- 
tion and their friends who attend the Thirteenth Con- 
vention, to be held at Providence, we shall be greatly 
pleased to receive a visit from all interested in mechan- 
ical establishments. We will take pleasure in showing 
the manner in which we manufacture our machinery and 
tools. 

We trust we shall be visited by a large number of 
representatives of the Association. 

Yours truly. 
Brown & Sharpe Manufacturing Co., 

Z. Chafee, Secretary. 

The Corliss Steam Engine Co., 

Providence, R. I. 

To Members of the National Electric Light Association. 

» 

Gentlemen : We hereby extend a cordial invitation 
to the members of the National Electric Light Associa- 
tion to visit our works at their convenience, during the 
session of their Convention, to be held next week in this 
city. 

We will be pleased to show all members of the As- 
sociation who are not competitors, or representatives of 
competitors, in our line of business through such parts 
of our works as are open to public inspection. 

Yours truly, • 

Corliss Steam Engine Co., 

William B. Sherman, Secretary. 

(Applause. ) 



30 

Rhode Island Tool Co., 

Providence, R. I. 

Mr, Eugene F, Phillips , American Electrical Works, 
Providence, R. I. 

Dear Sir : We are duly in receipt of your favor of 
the 23d instant, and note contents. We shall be very 
glad to have the electrical- people visit our factory, and 
shall be happy to show them anything we have of in- 
terest. 

Please extend to them our cordial invitation to 
visit us. 

W. B. Dart, Treasurer. 



Here is a card signed by Eugene F. Phillips, Presi- 
dent: 

The pleasure of your company, with ladies, is re- 
quested at a house warming tendered to the members of 
the National Electric Light Association and their ladies 
on Thursday evening, February 19, 1891, at the new 
factory of the American Electrical Works, Stewart 
street, Providence, R. I. Grand march at 9 o'clock. 

It is the intention that each member of the National 
Electric Light Association and their guests receive this 
invitation, and if, through error, they do not, the Ameri- 
can Electrical Works would consider it a favor if they 
will apply to their representatives, P. C. Ackerman or 
W. A. Hathaway. (Applause.) 

I have here an invitation from the American Insti- 
tute of E?lectrical Engineers. As Mr. Pope, the secre- 
tary of the Institute, is present, I will ask him to read it 
for me. 

Mr. Ralph W. Pope: It is typewritten. (Ap- 
plause.) 
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New York, February 14, 189 1. 

Allen R, FootCy Esq., Secretary National Electric Light 
Association. 

Dear Sir: The fifty-fourth meeting of the Ameri- 
can Institute of. Electrical Engineers will be held at the 
rooms of the Institute, No. 12 West Thirty-fiist street. 
New York city, Tuesday evening, February 24. A 
paper will be read by Mr. Oscar T. Crosby, of Boston, 
entitled " Date and Results of Experiments with Elec- 
tric Traction at 120 Miles an Hour." 

A working model of an electric railway made by 
Thomas Davenport in 1837 will also be exhibited in 
actual operation, and some interesting facts regarding its 
history will be given by Franklin L. Pope. Your Asso- 
ciation and the Institute have many members in com- 
mon, and for this reason the meeting has been postponed 
from its regular date, in order that those who desired 
might attend the Providence Convention without missing 
the meeting of the Institute. The Council extends to 
the members of the National Electric Light Association ' 
a cordial invitation to attend this meeting, and trusts that 
many of them may find it convenient to do so, in view 
of the fact that many will return home by way of New 
York, and also that the question of ** Rapid Transit " 
will be discussed at the Electric Club, on Thursday of 
the same week. 

Notices of the meeting will be distributed to your 
members in attendance at the Convention. 

Yours very truly, 

Ralph W. Pope, Secretary. 

(Applause.) 

I might say, in regard to the exhibition of that model, 
that about that time a model of Thomas Davenport's 
was exhibited in Boston, and it is very possible that 
the researches made by this Vermont blacksmith were 
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among the reasons that led to the formation of the 
company in Rhode Island to which you refer. I think 
that the whole forms a very interesting fact in the histor- 
ical progress of electricity. 

Mr. Brown : Mr. President, it seems to me that it 
would be proper to make some acknowledgment of the 
courteous invitations that we have received which have 
been read by the Secretary. I, therefore, move you that 
the courteous invitations read by the Secretary be re- 
ceived and placed on file, and the Secretary of the 
Association be instructed to make suitable acknowledg- 
ment thereof. 

The motion was carried. 



The President : The first order of business will be 
the Report of the Committee on Copper Tariff, Charles 
A. Brown, Chairman. 

REPORT OF THE COMMITTEE ON 

COPPER TARIFF. 



Mr. Brown : Mr. President, the Committee on 
Copper Tariff has practically no report to make. At the 
last Convention we reported the progress that we had 
made at that time. The reduction of the duty on copper 
was, as you all know, embodied in the McKinley Bill, 
which became a law, and there is now a very low rate of 
duty — something like twenty per cent, of the former rate 
of duty on copper in its various forms. This Bill having 
become a law, and this now being the duty on copper, 
and no further action being required at the hands of this 
committee, I would suggest that the committee be dis- 
charged. 

Mr. De Camp : I move that the report be accepted 
and the committee discharged. 

The motion having been seconded, the question was 
duly carried. 

Mr. Brown : If it is in order, I have a telegram here 
from Mr. J. P. Barrett, Chairman of the Bureau of 
Electricity of the World^s Columbian Exhibition, ex- 
pressing his sincere regret that he is unable to be present 
at the meeting of the National Electric Light Association. 
The serious illness of one of his children makes it neces- 
sary for him to remain in Chicago. He sends his best 
wishes for the success of this Convention and of the 
National Electric Light Association. 

4 
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The President : Gentlemen, you hear the com- 
munication ; will you take any action ? 

Mr. De Camp : I move that it be received and placed 
on file. 

The President : The motion is made that it be 
received and placed on file. Unless I hear some objec- 
tion, that action will be taken. 



The President : The next order of business is 
** Electric Lighting as Applied to Steam Railroads," a 
paper by W. H. Markland. 

Mr. Markland read the following paper : 

ELECTRIC LIGHTING AS APPLIED TO 
STEAM RAILROADS. 



Among the first to make use of the advantages af- 
forded by electric lighting were the steam railroads, not 
as a means for lighting trains, but for lighting buildings, 
etc. In the year 1881. the Pennsylvania Railroad in- 
troduced its first electric lighting plant in a new shop in 
Altoona. That proved quite a success. It might also 
be mentioned that the same dynamo and lamps are in 
use to-day. In the year 1885, the Pennsylvania Railroad 
commenced lighting its depot shed in Altoona by arc 
light from its own dynamos, which proved a success as 
compared with the previous gas light, although it was 
crude compared with what the company now has. 

The question then presented itself : Can freight yards 
be successfully lighted by electricity to reauce accidents, 
facilitate business and prevent breakage of cars and con- 
tents? The two latter items are quite a money con- 
sideration on any railroad. Some previous attempts had 
been made at lighting railroad yards by electricity, but 
without much success previous to the attempt in Altoona. 
I speak particularly of the Pennsylvania Railroad in 
Altoona, as I am very familiar with the lighting that has 
been done there, and also because what the Pennsylva- 
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nia Railroad does is liable to be copied by other roads, 
and we sometimes get good ideas from other roads. 

In Altoona, when drawing up the plan for lighting 
the yards, the question presented itself: How high and 
how near together shall the lights be placed ? the prob- 
lem of lighting the freight yard being more complicated 
than lighting a city, as in lighting a city lamps can gen- 
erally be placed at street corners and quite low, the gen- 
eral public being not over-particular, so that under or 
near the lamp the light is quite brilliant, but in the space 
between the lamps there is less brilliancy. 

For lighting where engineers and trainmen have to 
work, it is not the brilliant light that is wanted, but the 
evenly distributed light. If a light be too brilliant, train- 
men when near lamps will be partially blinded, as we 
might call it, for a short time, as, in the event of their 
leaving a lighted space, it would be difficult for them to 
distinguish objects or signals and would lead to complaints. 

In order to get an evenly distributed light, lamps at 
Altoona were placed on top of 65 foot poles, these being 
about eight feet in the ground and set so as to illuminate 
switches and crossovers where the yards were narrow. 
Where yards were wide and long, lamps were placed 
about 600 feet apart, a row on one side of the yard and 
a row in a broad alley that was wisely left between tracks 
near the opposite side of the yard, the light of the two 
rows being zigzagged to prevent shadows and to better 
diffuse the light. This plan of lighting does not make a 
brilliant light at any point, it being possible, but difficult, 
to read fine print. A light more like moonlight was the 
result, and proved very good in practice. Even a clear 
globe was objectionable, on account of the shadows of 
side arms. A lower half ground globe was preferable, 
it having been proved by experience that it was better 
to lose a little light than to have shadows. 
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One noticeable result followed the introduction of 
this light. It enabled the car inspectors to examine cars 
much more thoroughly, and, as you all know, perfect 
car inspection is very important. A decreased amount 
of pilferage also followed, as the watchmen were able to 
see persons at a great distance at night. The breakage 
of cars and their contents was but little, if any, greater 
at night than in day-time. I cannot say how much 
money was saved by the introduction of the electric light 
from pilferage and breakage of cars and contents, yet I 
believe it was really more than the cost of maintaining 
the lights. 

Undoubtedly the introduction of the electric light 
has prevented accidents to employes ; of course, I cannot 
say to what extent. 

The electric lights are certainly a great help in shift- 
ing cars, as it enables the trainmen to see the tracks and 
position of switch points about as well at night as in the 
day-time, on account of the light shining on the top of 
the rails, they, being generally bright from passage over 
them, making a sort of reflector. Also, in coupling and 
dropping cars, it enables the brakemen to gauge the dis- 
tance the cars are apart fully as well at night as in the 
day-time, so cars can be coupled without any more jar 
or danger than by daylight. It also assists in dropping 
or switching cars very fast, as is often necessary during 
a time of increased traffic. It enables the switchmen in 
the towers to tell when a car is over a switch, so that 
they can quickly throw the switches with less danger 
of throwing the cars off the track or on the wrong 
track. 

A few words about the erection of arc lamps and 
poles for freight yards. Poles must be very well set. in 
the ground and guyed so as not to sway from heavy roll- 
ing stock passing, or from wind. The poles, being high. 
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receive the full benefit of the wind. A good, true chest- 
nut pole for lamps, if possible to obtain, answers very 
well. They will cost when shaved, stepped and erected, 
with hood, about $35. The price will be governed 
largely by the cost of timber. Short poles must also be 
well put up so that there may be no breaks. 

Railroad people are very exacting ; it does not do to 
have any stops or shut-downs. The lamps must be 
kept in good order. Maintaining arc lamps near rail- 
roads is quite different from maintaining lamps in most 
stores. If there is a poorly insulated part in the lamp, 
the soot will soon find a path for the current across the 
poor insulation, and out goes your lamp. Your cut-out 
contacts will corrode very fast. When it comes to your 
rods, expect to have a lot of dirty ones. In a railroad 
yard there are things to contend with not common with 
most lighting, and that is smoke and steam. I have seen 
poles covered from one end to the other with a film of 
soot from engines. This, in getting on the hanger 
boards, is sure to make escapes unless the insulation be 
very good. The insulation should also be good to en- 
able the inspector to work at a lamp in case of its failing 
to burn when the current is on. 

Get a good reliable direct current double carbon arc 
lamp that is well insulated. A lamp that is heavy, 
bulky, or has liquids, is not well adapted for the purpose, 
on account of the difficulty of carrying it up the pole. 
Do not rely on the hooks of lamps for connection be- 
tween the lamp and the hanger board, for they will 
corrode and cause trouble. It is better to always put a 
piece of flexible wire from the hanger board to the lamp 
to carry the current. Always use good insulated wire 
and good insulators when running up poles or side arms. 
It is better to splice on a piece of the very best insulated 
wire. Experience has proven that the wooden part of 



39 

hanger boards is better for having some water-proof in- 
sulation between it and the side irons to prevent leaks. 

I do not favor double-pole switches on hanger boards 
in freight yards, as they require extra contacts, the brass- 
work of which soon corrodes so as not to make good 
connections, and leads to trouble. 

The dynamo should be self-regulating and easily kept 
in order. As there may be loo lamps, taking, say, two 
dynamos for all lighting at one point, it is better to put 
a little more money into dynamos than to pay high wages 
to the dynamo tender. 

Keep as far away from telegraph and telephone lines 
as possible. If any danger is done to either of the 
above, the railroad generally gets the worst of the suit. 

If you are going to hire the lights from a central 
station, see that they give you good work, and make a 
contract with a rebate and fine for the time lights are 
out. 

If you once properly put electric lights in a freight 
yard, you will never get them out again; the trainmen 
will not stand it, as they would be in the dark, in more 
senses than one, if the lights were taken away. But if 
the lights are not properly put in, say, on low poles, 
under 40 feet above ground, or not properly spaced, the 
chances are there will be complaints on account of too 
much light at some one point and too much darkness at 
some other point. Great care should be taken to place 
lamps so they will not interfere with signals. I have 
seen cases where electric lights were so placed that a sig- 
nal could not be properly distinguished, on account of 
the electric light shining on the lenses and blending the 
colors. A case like this can generally be avoided by 
placing some arrangements so that the electric light will 
not shine on the signal. 

The electric light is rather a help to distinguish the 
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position of the semaphore arm, although trainmen at 
night look for the color of the lens rather than the posi- 
tion of the arm. 

The electric light is something of a help in distin- 
guishing the switch signals, on account of the light shin- 
ing on the lenses. These being low, the light will rarely 
show through them. 

If it comes to a question of moving an electric light 
or a signal, you will find that the electric light will have 
to go every time, as railroads will not allow any interfer- 
ence with signals. 

If you go too high, you will not get the full benefit 
of the light, as has been proven where the tower system 
of lighting is in use. 

In laying out freight yards, a broad alley, say, 12 feet 
between tracks, should be allowed for placing the lamp 
poles, where the yards are over 300 feet wide. 

As to the other uses for electric lights for railroads, 
I do not know that there is much out of the regular run. 
The light is used quite extensively for lighting depot 
sheds, where it is more economical than gas and decidedly 
better. This class of installation requires the very best 
of work and insulation, as the smoke and steam nuisance 
enters here. Even though depot sheds are dry inside, 
porcelain knobs should not be used, glass with a double 
petticoat being the only kind now on the market that 
answers the requirements well, on account of the soot 
settling on the insulators. 

It does not do to have a depot in darkness ; for that 
reason a depot shed should be wired with two complete 
circuits, having every alternate lamp connected to one 
circuit and the remainder to the other. Then, in the 
event of a break in the wire, only one-half the lights are 
out. 

Experience has proven that the arc light is much 
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superior to the incandescent for depot shed lighting. 
With incandescent lights the necessary volume of light 
is costly to maintain, and, also, the globes of incandescent 
lamps soon become dirty from steam and smoke, which 
interferes with the light or, if cleaned off, necessitates 
considerable labor. 

For freight transfer stations the arc light is very satis- 
factory. It enables the men to quickly distinguish marks 
on merchandise, and also enables the foremen to see what 
the men are doing, preventing loafing. One 2,000 
nominal candle power arc lamp to about 1,500 square 
feet of floor space will generally light a transfer station 
where lamps can be zigzagged. Where transfer stations 
are narrow, more light per square foot should be allowed. 
On a platform about 10 feet wide, as they generally are, 
one light every 60 feet gives good illumination. 

I doubt if the arc light can compete with gas for this 
purpose, as far as cost is concerned, taking transfer sta- 
tions as they are, generally lighted by gas, and as they 
should be, lighted by arc lights. Yet, I believe, taking 
the amount saved in labor and from pilferage, that the 
electric lights more than pay for themselves. 

Another point comes in here. We all know that on 
a wet, dark day we do not feel inclined to work as we do 
on a bright, sunny day. The same is the case at night ; 
if you give men good light it brightens their spirits up 
and they will work much more cheerfully ; and getting 
men cheerful means more work done. 

For offices and shops the electric light is used con- 
siderably, much the same as for other places of like 
nature. 

I hear that an electric headlight has lately been 
brought out, which, it is claimed, will illuminate a track 
for a mile or more. I am of the opinion that the light 
will not come into general use. In the first place, a light 
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for this purpose should not be too strong, or it will blind 
an engineer coming in the opposite direction, this being 
a serious objection. Most of the roads east of the Ohio 
are not very straight, and the chances are that, while on 
curves, the neighboring corntield will receive more light 
than the track ahead, as no one has invented a light that 
will show around the corner. 

If any inventor wishes to get up an electric locomo- 
tive headlight let him confine himself to one of low 
candle power — the present ones are about 20 candle 
power. I do not think one of over 100 candle power 
will be in demand until railroads are illuminated from 
one end to the other by electric light, which will be the 
case in the future, and then the headlight will not be 
required. 

These points are necessary for an electric headlight : 
First, and all important, reliability ; second, simplicity. 
Economy you can leave out. If you can get 50 per 
cent, of what can be attained in a station, it will do. 
One thing must be borne in mind — engineers are not 
electricians. Thus, a dynamo lamp niust be as simple as 
the air-brake, and no more liable to get out of order. 

The experiment has been tried of lighting cars by 
electricity. While it has proven a success in some cases, 
as far as convenience is concerned, financially it has not 
proven a success. Electric lighting of trains is a luxury 
to-day, and will continue to be until some more econom- 
ical plan is invented. The advance that is being made 
with the use of gas as an illuminant for cars, is leaving 
electricity behind. From the best information I can get, 
it costs 50 cents per hour to light a car by electricity 
from storage batteries, against five cents per hour from 
carbureted air. 

The electric light is used to some extent by different 
railroads for lighting wrecks, or any construction work 
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that requires night work. For this purpose the Penn- 
sylvania Railroad and the Cumberland Valley road have 
a car fitted up with boiler, dynamo, engine, water tanks 
and coal bunker, and all the tools necessary for a cen- 
tral station. With a car of this description, quick work 
in getting lamps in place is all important. In one case, 
after the Johnstow^n flood, I, with the help of four men 
and the engineer, put up six arc lamps, put up the poles 
for the lamps, which were designed for the purpose and 
carried on the car, ran the wire, coupled up the lamps, 
and had the lamps going in 35 minutes from the time 
we, with the car, lamps, poles and wire, arrived on the 
ground. The lights were distributed some distance, one 
being about one-third of a mile away. I doubt if con- 
struction work was ever done quicker. 

I will not go into a description of this car, as it was 
very ably explained by Mr. VV. F. Taylor, of Altoona, at 
the Convention of Railroad Telegraph Superintendents, 
at Niagara Falls, June 19, 1890. 

To give an idea of what the Pennsylvania Railroad 
Company thinks of the electric light, I might say that 
its new Juniata shops at Altoona, having about 100,000 
square feet of floor space, are lighted entirely by the elec- 
tric light ; there is not a pipe for illuminating gas in any 
of the buildings. All the traveling cranes are run by 
electricity. 

The Pennsylvania Railroad Company believes that 
good electric work pays. I doubt if any station, central 
or isolated, has more reliable or better designed appli- 
ances, or more artistic work than can be found at the 
Juniata shops of that company. 

DISCUSSION. 

Mr. De Camp: I remember six or seven years ago 
it was reported that the Pennsylvania Railroad Company 
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had appropriated, if I may so put it, a certain amount of 
money to the experiment of lighting cars, which has been 
referred to in Mr. Markland^s paper, not only electric 
lighting, but experimenting with various forms of light- 
ing by gas and oil. I had some knowledge, at the time, 
of the use of the storage battery. The other methods of 
car lighting by electricity I know nothing about, and 
heard very little about it ; but I presume they have come 
to some definite conclusion upon the subject. If the 
gentleman can tell us, or is at liberty to state, what are 
the precise conclusions of the railroad company as to the 
relative merits of electric lighting as compared with any 
other form, and particularly as to the different methods 
used in electric lighting, either by battery or by direct 
current from the dynamo, I think it would be very inter- 
esting and useful to the Association. 

Mr. Mark land : I may say that the question of 
lighting cars by electricity is somewhat out of my de- 
partment, but I should say that six or eight years ago we 
tried experiments with the storage battery. We first 
had the storage battery under the cars. That was tried 
for a while, but not with much success. Then the rail- 
road company made nine or ten cars for use between 
Jersey City and Philadelphia. They were all lighted with 
the storage battery. We had a certain amount of suc- 
cess. It was rather a difficult matter, though, as we had 
to charge the batteries at Jersey City, and it so happened 
that if we had rather a dark day and then had to run the 
cars back to Jersey City at night, the chances were we 
would have to come back with no light, which was, of 
course, not very pleasant. I think they equipped proba- . 
bly 15 or 20 cars with the storage battery under that 
plan, and they tried almost every kind of a storage bat- 
tery without any great success. I might say, by the way, 
that we have thrown the batteries all away now, and have 
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put in gas. The Pullman Limited, as you may all know, 
is lighted with a dynamo, which is located in the baggage 
car and connected with storage batteries in the cars, 
where they are charged from the dynamo. Of course, 
that does pretty fair ; that is, they get very good light 
on that train. But when you come to figure up the cost 
you will find that is pretty heayy. About the time elec- 
tricity came into use, however, several systems of light- 
ing cars with gas were developed. The Frost system, I 
think, and several others, came into use, with which I 
suppose you are all familiar in Philadelphia. The old 
way for lighting with compressed illuminating gas cost 
us in the neighborhood of ten cents an hour, with six 
burners, but since we have got this Frost system (I think 
that is the name), why, the cost of lighting is so small 
that we can hardly find it ; not over five cents an hour 
for seven burners, and they are, I should judge, of about 
20 candle power. 

Mr. Burleigh : I was in hopes from the title of 
the paper that it was on incandescent lighting as applied 
to coaches ; but I was particularly interested as a railroad 
officer in the paper, and especially in that part of it about 
the application of electricity to use around wrecks. We 
all appreciate the value of a good light around a big 
wreck in the night-time. But the most interesting thing 
to me in connection with the Pennsylvania Railroad ex- 
periments in electric lighting in our part of the country 
is that they have decided to buy their lights of our com- 
pany, and not manufacture it themselves. (Laughter 
and applause.) 

Mr. Francisco: I have been very much interested 
in Mr. Markland's paper, especially in reference to that 
part of it regarding the lighting of railroad cars. I have 
been furnishing light to the Central Vermont Railroad 
Company for the last two years, lighting the railroad 
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yard, the station and the round house. His theory of 
the best plan is the same as that we have adopted there, 
by placing lights upon the tops of poles. Our poles are 
50 feet above the ground, with lamps on top of them. 
In the round house we find very serious trouble ; in the 
old style of round house, with a dome at the top and a 
platform in the center to transfer the engines to different 
tracks. Of course, our lamp hangs in the center, and 
every engine that comes in stops on that platform and 
opens her pipe and throws the dust and soot and every- 
thing up where it settles on the lamp. Naturally, it 
covers not only the lamp, but the whole top of the build- 
ing, so that in many cases you will find the dirt an inch 
deep. We have trouble in getting short circuits on the 
lamp, from that stuff gathering and making one solid 
block on the lamp. Now, if Mr. Markland has any sug- 
gestions that he can give to correct that, we should be 
very glad to know how it can be done. This top is 
covered with soot, smoke and cinders, which, all com- 
bined, makes a regular paste. In the stations we use the 
arc lights, suspended from different parts of the station. 
We have had a great deal of trouble protecting the lights 
from being short circuited. 

Mr. Markland's remarks in regard to railroading and 
railroad electricity as applied to cars, reminds me of a 
little incident that came under my observation as I was 
passing down the Missouri Pacific road. I wanted to stop 
off at Omaha, and I left the steam cars at a junction 
which connects with the electric road to carry passengers 
into the city of Omaha. While standing there waiting 
for the electric car to come up, an Irishman and his wife 
walked up and stood a nioment and asked me if the horse 
car did not go over to Omaha. I said: **Yes, it is coming 
now." He looked down the line and saw the car com- 
ing. It was an electric car. He turned to his wife and 
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said: *' Bridget, d ye mind, they've got the horses be- 
hind." Pretty soon the car came up, and we got on the 
rear of the car, and the Irishman turned to his wife and 
explained: ** Bridget, be jabers, there are no horses be- 
hind." He sat a few moments quiet, and then turned 
to me and said :• '* Sir, can you tell me what it is that 
is drawing this car ? " I said, *' This is a new-fangled 
thing that they have got up, going all over the country. 
It is a hobby that the Aldermen of the present time are 
advocating. They go to work and buy cars and get 
what they call a plant, and put them in, and start these 
cars on the road, and they run themselves. There is no 
expense to the city whatever, after they get going." Just 
then the motor made a considerable sort of rumbling, 
and the Irishman turned to his wife and said : '' Bridget, 
d'ye mind, the Divil is dragging this car ; just listen to 
him groaning." (Laughter.) 

This principle of applying electricity to the lighting 
of cars and to the motive power of cars, is one great 
point. People at the present time do not seem to under- 
stand it ; they can't understand electricity. It seems to 
be a sealed book to almost the entire mass of the people. 
And there is where the trouble at the present time lies 
in our advancing the cause of electricity and the way we 
have to meet it. 

Mr. Pope : It is one of the arguments against elec- 
tricity always that it is dangerous, and one of the reasons 
why it has been adopted for car lighting (although it has 
been expensive) is because it was safe. In going out on 
the Jersey Central road the other day I saw a Pullman 
car with half a dozen of the windows boarded up on the 
outside. The next morning I read in the newspapers : 
**Gas explodes under a car. Two men severely injured 
in the New Jersey Central yard." I do not know that 
such an accident is usual, but they are now introducing 
the gas system on the New Jersey Central Railroad, and 
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the plant which they set up cost them $75,000. Why 
this accident occurred has not yet been ascertained, but 
I presume it was not due to electricity, because there are 
no wires in the cars. (Laughter. ) 

Mr. Makkland : Do you say that was on the New 
Jersey Central Railroad? 

Mr. Pope : Yes, sir. 

Mk. Markland : What manner of lighting do they 
use there ? 

Mr. Pope: I think it was the Pintsch gas system; 
but these cars were Pullman cars. 

Mr. Markland : That is something new to me. I 
had heard of no trouble from the use of gas. 

The President: I think we are all agreed, gentle- 
men, that gas is dangerous and obnoxious. (Laughter.) 

Mr. De Camp: As I take it, there is no question 
of the desirability of electric lights on the part of rail- 
road companies, but it is simply a question of cost. I 
also take it, in the spirit of progress, the railroad com- 
panies weigh very carefully the relative value of it. It 
is not that it lessens the cost in one case ten cents an 
hour and gas costs five cents. They don't stop with that 
fact, but they stop after having duly considered whether 
it is worth that difference ; the safety of it and the com- 
fort of it being given due consideration. 

I think, if the matter could be got into the public 
mind, that electricity is not of no cost — that is, a sort of 
free boom to those who are manipulating it— for in- 
stance, Mr. Francisco states that it is almost impossible 
to educate the people up to that fact. We, as central 
station men, are all bothered with the idea on the part 
of our municipal authorities, and on the part of private 
consumers, that we are exacting from them an enor- 
mous price. My experience has been that the time 
spent in trying to explain away those matters and con- 
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vince the public that this element of electricity does cost 
money to make it, is wasted. But when corporations like 
the railroad companies, who are working for their own 
interests and are not trying to make money outside, or 
to profit from anything from the community, put them- 
selves on record as stating the fact in the case, that they 
cannot afford to use the electric light solely on the 
ground that it is expensive, I think it will make more 
impression on the community as to the real cost of the 
article in which we are dealing than anything else we 
may say in the matter. Therefore, I take it, when you 
get down to the pith of it, the Pennsylvania Railroad 
Company, and all other corporations, would certainly 
give electric lighting the preference, at least at the same 
cost of any other illumination. 

Mr. Markland: I have no doubt of that. 

Mr. DeCamp: So much, I think, can be put down 
to the credit of electricity. 

Mr. Markland: I might say, although I prepared 
this paper, that I do not speak for the railroad company 
at all. It is only my own observation from what I have 
seen. 

The President : If there are no other remarks I 
will close the discussion. 



ANNOUNCEMENTS. 



The President : I wish to say that all members of 
the Association in attendance on the Convention are 
heartily welcomed to the Narragansett Station. The 
presence of your badge is all that will be necessary to 
secure your access to all of the departments. We have 
been something of a pioneer in this field, in constructing 
and designing a large station, and very likely have made 
some mistakes, and must pay for our experience, as all 
pioneers have to. 

The Exhibition is almost opposite the Narragansett 
Hotel on Broad street, not more than one or two hun- 
dred feet. The , Hall is open to-day ; that is, they are 
getting everything in readiness, but it will be duly opened 
at seven o'clock this evening; the formal exercises will 
take place about eight o'clock. 

On account of the large number of important papers 
and reports to be presented, and also on account of the 
memorial session, the Executive Committee have de-. 
cided to extend the meeting so as to include two sessions 
on Friday, making a four days' meeting. 

If there is no other business, a motion to adjourn 
until three o'clock will be in order ; and I desire to say 
to you that I hope every gentleman will be prompt in 
attendance. 

On motion, the Convention adjourned until three 

p. M. 



SECOND SESSION. 



Called to Order at 3.15 p. m. 

The President : First on the order of business is 
the Report of the Committee on Underground Conduits 
and Conductors ; C. H. Wilmerding, Chairman. As 
Mr. Wilmerding has not been able to attend the Con- 
vention, and in the absence of the Secretary, I will read 
the report myself. 



REPORT OF THE COMMITTEE ON UNDER- 
GROUND CONDUITS AND CONDUCTORS. 



The Committee on Underground Conductors begs to 
submit the following report for the last half year. The 
change which was made recently in the Chairmanship of 
this Committee delayed, to a great extent, any active 
work on its part. The further delay in getting our 
printed matter, which it was intended to send to all com- 
panies operating underground conductors, has left us 
without any information on the subject in hand. It was 
proposed to follow out the lines indicated in the report 
of the Committee at the Twelfth Convention. Only 
one company has reported, viz., the Chicago Arc Light 
and Power Co., which reports as follows : 

Miles of duct occupied by high tension under- 
ground conductors 28^ 

Miles of lead covered cable in ducts 79 

Miles of cable in iron pipe or bracketed under 
sidewalks for distribution 72 

Total number of miles of underground high ten- 
sion cable 151 

Total number of cases of trouble on underground 
cable, 1 890 31 

' Divided as follows : 

Result of mechanical injury 18 

Result of defective joints . 4 

Result of defective insulation 2 

Other burn-outs, cause not accurately determined 7 

During the year 1890, 33.8 miles of underground 
conductors were laid by this company, and during that 
period there was one case of trouble on this 33.8 miles, 
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the trouble being in a defective joint. They further re- 
port that their lebates during the year for defective 
service amounted to one-third of one per cent, of the 
grpss earnings ; and they estimate that possibly one-third 
of these rebates are attributed to circuit trouble ; the 
balance to defective lamps, dynamo and engine trouble 
and miscellaneous causes. 

The longest underground circuit is 7^ miles from 
pole to pole, and carries an electromotive force of 2,500 
vplts. They add that blizzards have not in any way 
affected their service. 

The Committee, in offering this report, realizes that 
the information is of a very meagre character, but is of 
the opinion that if similar reports, or still fuller reports, 
could be had from all companies operating underground 
conductors, very interesting and instructive data could be 
laid before the Association, and they request that when 
questions are published and sent to various companies, 
they will receive attention, and that the information re- 
quired will be given fully and cheerfully by all those 
whom the circulars may reach. 

Dr. Mason : I move you that this report be ac- 
cepted and the Committee discharged. 

The motion was carried. 



The President : The report of the Committee on 
Relations between Manufacturing and Central Station 
Companies will be presented by Mr. Weeks. 

Mr. Weeks read the following report : 

REPORT OF COMMITTEE ON RELATIONS 
BETWEEN MANUFACTURING AND CENTRAL 

STATION COMPANIES. 



The functions of this committee are almost defined 
by its title. The idea of, and the necessity for, this com- 
mittee is to have a recognized counsel for mutual con- 
ference and conciliation in case either a manufacturing 
or a central station company should feel aggrieved by 
the business methods of those with whom they may have 
dealings, or be called upon to. contend in business com- 
petition. In cases of this kind, the committee can take 
no action unless requested so to do by one of the ag- 
grieved parties. No such appeal has been made to the 
committee. 

This committee is also intended to represent the gen- 
eral interests of central station companies in case of 
unwarrantable competition in cutting prices for public 
lighting contracts, or to secure franchise rights in a town 
where a company is already in active operation and ready 
to perform all forms of service required at reasonable 
rates. Your committee is glad to state that no case of 
this kind has been brought to its notice since the Twelfth 
Convention. It has, therefore, not been called upon to 
use the influence of the Association in this direction. 

It is thought advisable to continue the committee as 
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one of the standing committees of the Association. The 
time may come again, as it has certainly existed in the 
past, when it will be necessary for this committee to ex- 
ercise functions such as those indicated, or conduct nego- 
tiations of a different character under instructions from 
the Association. 

Mr. Armstrong: I move that the report be re- 
ceived and the recommendations adopted. 

DISCUSSION. 

Mr. De Camp : That is all right so far as it goes, 
but it seems to be a sort of stereotyped action on the part 
of the Association, and, as the chairman has stated, the ob- 
ject sought to be gained by this committee is an exceed- 
ingly difficult thing to get at, even when you have a case 
in point to base your actions upon. I have no sugges- 
tions to make as to a line of action to be taken either in 
a case stated or in any other case. But the same thing 
has gone on right straight along, all the time, and the 
manufacturing companies, with a great deal of affability, 
find a way of avoiding it. I have had occasion within 
the last year of seeing the operations of just those move- 
ments on the part of the manufacturing companies. The 
case that I have in my mind is the case in which the 
Thomson-Houston people are the parties who are really 
the aggressors in the matter. They say, well, of course, 
the Thomson-Houston people have nothing at all to do 
with the Fort Wayne. We, of course, understand that 
the same people are interested in it. Now, they have a 
territory where they observe strictly their agreements 
with the parties who have bought the rights to their ap- 
paratus and do nothing. They sit passively by, but they 
are hissing on the other fellows with all their might and 
main. That case was stated — the case of Campbell, 
which I was talking about last year. The same thing 
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has happened in Philadelphia in the last six months. 
Now, there is one thing that has come to my knowledge 
of late which I am not prepared to say anything definite 
about, because I have not an answer to a letter I wrote 
on the subject, in the case of the manufacturing Brush 
Company, who originally sold its franchises to several 
companies in the East and West under a guarantee to 
protect them in their patents; that is, they were only 
able to make those deals by stating that they had funda- 
mental patents which would protect the company paying 
them their royalty, or whatever you may call it, in the 
use of the property. It has never been worth one far- 
thing to the company that has paid for it A notable 
case of the evil effects of that has been in New Orleans, 
where the original company that bought its right from 
the manufacturing company in Cleveland has been abso- 
lutely wiped out, and they have been wiped out because 
of the competition that has come in there, encouraged 
by the very people that started them, and they have 
brought suit — all of which has been noticed by you gen- 
tlemen, perhaps^ — in a very large amount, and, as far as 
I understand their contract with the manufacturing com- 
pany, I think it is precisely the same as the Philadelphia 
contract. You can just imagine how vigorously the 
Brush Company in Cleveland is going to prosecute those 
suits against that particular lamp because it is owned by 
the Thomson-Houston people. I do not imagine that 
they are going to push that thing very hard. I do not 
know what reply I will get from the attorneys in New 
Orleans to my letter, but my idea now is this : That if 
the claims of that company, and others who are alike sit- 
uated, are not recognized by the Cleveland Company, and 
they will not prosecute those suits in the spirit in which 
their contract was made, it will be a very good thing for 
the people virho are now affected, and who are likely to 
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be affected, to join in that suit with the New Orleans 
people and make a very vigorous fight on it. And, fur- 
ther, that if we cannot gain a point in that way, why, 
take it as they have put it. They have laid claim, I 
think, for $300,000 damages. Now, I think some move- 
ment of that kind by the members of the Association 
would have a very good effect ; much better than going 
direct to these companies ; I have never got any satis- 
faction out of that. 

The President : If there are no further remarks, 
the discussion will be closed. Those in favor of the 
motion that the recommendation of the committee be 
adopted as read, the report received and placed on file 
and the committee continued, will vote aye. 
• The motion was carried. 



The President : The next matter of business is 
a paper by H. F. Prentiss, on " Distribution of Steam 
from a Central Station." Mr. Prentiss is not present, 
and the paper will be read by Judge Armstrong. 

Mr. Armstrong: Mr. President and Gentlemen: I 
have not read this paper, but I have glanced at it and 
find that one-third of it is made up by reference to dia- 
grams that are not here and diagrams that I would not 
undertake to produce. I find there are references to per- 
centages that I can understand, and, as I go over it, I 
will do the best I can to give the results of all these vari- 
ous diagrams and calculations. I may, however, stumble 
considerably in it. If I do, don't blame the paper, but 
when it is printed the diagrams will accompany it, and I 
suppose you will all completely understand it. 

DISTRIBUTION OF STEAM FROM CENTRAL 

STATIONS. 



What has the distribution of steam from a central 
station to do with electric lighting ? This question can 
be answered much after the Yankee fashion of asking 
another. What have coal-tar, ammonia, analine dyes to 
do with making gas ? These articles are by-products in 
the manufacture, w^hich were once thrown away as use- 
less, but which have now a value hardly second to that 
of the gas itself. Is it not true that the exhaust steam 
of electric light engines as a by-product in the making 
of light, and for heating purposes, has a value scarcely, 
less than the electric light itself ? Since in a steam en- 
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gine the amount of heat converted into work is relatively 
small, the value of the by-product or the exhaust steam 
is too large to suffer neglect. It is only a question of 
finding a market for it, and, obviously, this can only be 
done by a system of distribution from a central station. 
Will it pay to market this by-product? The answer to 
this question depends upon many complications and 
varied circumstances which in no two plants would be 
found alike. 

The history of commercial electric lighting covers 
hardly a decade. The same is true of the sale of steam 
from underground pipes radiating from a central station. 
In both these enterprises, frequent failures have been 
met with and many lessons learnt. I believe it is a fact, 
however, that all present existing steam companies more 
than pay expenses. A few have paid dividends, while 
many have been obliged to re-invest their earnings in 
improvements, or in remedying defects in original con- 
struction. The very few absolute failures have been due 
to faulty design, or defective engineering at the start. 
In the city of New York, two companies were started 
less that ten years ago, one of which, owing to faulty 
design, failed and gave up business; the other, known as 
the New York Steam Company, is supplying steam for 
power and heating to nearly 700 consumers, and sell the 
product annually of more than 100,000 tons of coal, 
burned under boilers aggregating nearly 20,000 horse 
power. 

In its distribution of steam through underground 
pipes the company has had many obstacles to contend 
with, the chief trouble having been the securing of ab- 
solutely tight joints. This difficulty has been completely 
removed by the method employed during the last four 
or five years, as is well attested by the network of pipes 
on Madison avenue, and the adjoining streets, between 
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Fifty-third and Seventieth streets, where nearly three 
miles of pipe are in perfect operating condition and prac- 
tically without a leak. The engineering difficulties, 
which, in an enterprise of this kind, would strike one as 
more difficult to provide for, namely, the expansion of 
the pipe and the losses due to radiation, were more 
perfectly provided for at the start, and, therefore, with 
the improvements which have been attained through 
practical experience of nearly lo years, the system has 
been brought to a state of perfection where, in new work, 
but little more can be desired. The pioneer work has 
been done and the electric lighting companies are, there- 
fore, in a position to reap the advantage of the, experience 
gained and to begin their work where the steam com- 
panies have left off, and can, therefore, feel certain in 
seeking for a market for their by-product (their exhaust 
steam) to meet with no mechanical difficulties of con- 
struction. 

The joining of two enterprises together, such as elec- 
tric lighting and the distribution of steam from central 
stations, has both its advantages and its defects, and we 
must weigh one against the other. The electric light 
station is already in possession of its boiler house equip- 
ment, and for this reason has much less to charge up to 
the construction expense of steam distribution than a 
steam company, since its boilers are available for supply- 
ing steam directly to the street mains when light is not 
called for, or when the engine load is at a minimum, and 
can, furthermore, by proper adaptation, deliver the ex- 
haust steam from the engine into the street mains, and, 
for the purpose of heating, recover the larger portion of 
the original heat value of the steam. Again, in a com- 
bined plant,, the general expenses of management, super- 
intendence, and so forth, need not greatly exceed the cost 
for the same items in a single plant alone. An obvious 
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disadvantage is the increased back pressure put upon the 
engines. I am assuming, of course, that the engines 
are of a non-condensing type. The prejudicial effect of 
this back pressure is a subject which will repay a little 
study. 

Thirty pounds of water per horse power per hour is 
the recognized standard of boiler capacity, and is also a 
fair statement of the amount used by an engine of fair 
size exhausting into attnosphere. A portion of the work 
of such an engine is spent in overcoming the atmospheric 
pressure of 15 pounds per square inch, and when, there- 
fore, in addition to the pressure of the atmosphere, an 
increase of back pressure is incurred, the useful work of 
such an engine is diminished by a corresponding amount. 
If this increase of back pressure is only that required 
for circulation of the steam for heating purposes, the in- 
creased consumption per useful horse power per hour 
will not be greatly augmented in consequence, provided 
the pipes are sufficiently large and properly run. 

The heating of residences by steam supplied from 
our Fifty-eighth street station, is often effected with steam 
at a pressure of one or two pounds. And it is well 
known that there are several systems in use where ex- 
haust steam is applied for heating in a manner so as to 
make it possible to produce a vacuum in the heating 
coils. The back pressure of the exhaust, therefore, in a 
system where the engines discharge into street distribut- 
ing mains, depends almost solely upon the size of the 
mains and the quantity of steam carried. A loss of 
pressure of 10 pounds in a half-mile of pipe provides a 
carrying capacity reasonably in accordance with the cost 
of the pipe. Of course, if this difference of pressure ex- 
ceeds 10 pounds the cost of transportation becomes 
relatively less, while the loss at the engine becomes 
greater, and vice versa, in case the loss of head produc- 
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ing flow of steam is less than lo pounds. This, like 
many other details, must be determined upon in each 
particular case. In order to illustrate this point, I will 
present some calculations based upon a back pressure of 
17 pounds, absolute (about 2.3 pounds ordinary gauge), 
with an initial pressure of 92 pounds absolute (or about 
77.3 pounds ordinary gauge pressure). We will call this 
Case No. i. 

For Case No. 2 let us take the back pressure at 30 
pounds absolute (about 15.3 gauge), and the initial press- 
ure at 105 pounds absolute (or about 90.3 pounds or- 
dinary gauge). 

In Case No. 3 let the back pressure be 105 pounds 
absolute, and initial pressure 180 pounds absolute. The 
last case is interesting, since it called for a theoretical 
consumption of steam per indicated horse power in an 
engine with an initial gauge pressure of about 165 
pounds, and a back pressure of about 90 pounds gauge. 
The diagram marked A shows the cycle of changes of 
steam used under the above conditions — omitting the 
practical considerations of wire-drawing, compression, 
early release, and so forth, which are the interesting 
characteristics of an indicated diagram. The tremendous 
amount of unutilized work, due to the excessive back 
pressure, is clearly shown by the area of the rectangle 
P^ V^, In this diagram P^ and P^ are laid off as ordin- 
ates to represent the initial back pressure, while V^ and 
V^ are laid off as abscissae to represent the volume of 
one pound of steam before and after expansion. The 
expansion curve m n is supposed to follow the law 

P yY^ = constant. The diagrams B and C represent 
Cases 2 and i. 

At pressure P^ (180 pounds absolute). Fig. A, the 
volume K, of one pound of saturated steam is 2.49 cubic 
feet, and at pressure P^ (105 pounds absolute), the volume 
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V^ of one pound of saturated steam is 4.14 cubic feet. 
Neglecting all cylinder losses due to condensation, leak- 
age, clearances, etc., and supposing the expansion curve 

to conform to the formula P V^-i^= constant, we have 

10 

for the total work in foot pounds of one pound of steam, 
P^ y, X 16 {P, y, — P^ V^) — 95,645 foot pounds. 
Deducting the work of overcoming the back pressure 
(P, V, = 62,597), we obtain (95,645 — 62,597) = 33,048 
indicated foot pounds, and as 1,980,000 foot pounds per 
hour is equivalent to one horse power, it is evident that 
an engine working under conditions above named would 
require ^^"^^ — 60 pounds of water per horse power 
per hour. 

In a similar manner it may be shown that between 
the limits of pressure 90 pounds (105 pounds absolute), 
and 15 pounds (30 pounds absolute), there would be 
required 26 pounds per indicated horse power hour. 
This covers the case of an engine exhausting into low 
pressure street mains. 

An engine exhausting into the atmosphere with two 
pounds back pressure (17 pounds absolute), and receiv- 
ing steam at yj pounds (92 pounds absolute), would 
require 19.7 pounds of water per horse power per hour. 

In actual practice the losses due to clearance, wire 
drawing, incomplete expansion, cylinder condensation, 
etc., would have to be added to the amounts above given. 

If in the last case (C) we add 10 pounds, making 
about 30 pounds per horse power per hour, we shall have 
an average practical result as obtained from automatic 
single cylinder engines of fair size. 

The great loss due to cylinder condensation is largely 
dependent upon the difference ^pf temperature between 
that of the steam at admission and that at exhaust. In 
cases A, B and C, this difference is, respectively, 42 de- 
grees, 81 degrees and 102 degrees, and hence with the 
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same size cylinders in each case, it is quite sufficient to 
make the same allowance of not more than lo pounds 
additional for B and C, making for B about 37 pounds 
per horse power per hour, and for C 70 pounds per 
horse power per hour. 

Now, in an engine operated in such a manner, there 
would be, during expansion, a loss of heat due to con- 
version of the internal energy of the steam into work 

amounting to ^ ^ v^ ' ^^ ^^ ^^) — -^^ 40.3 ther- 

772 

mal units per pound of steam, w^hich would produce a 
condensation amounting to 3.3 per cent. The total 
thermal units (above 32 degrees Fahrenheit) per pound 
of steam at 105 pounds (absolute) pressure is 1,182.4, or 
(1,1824 — 181) — 1,001.4 above the temperature of 
the feed water (212 degrees Fahrenheit). Hence, the 
available heat in the exhaust would be 1,001.1 x .987 = 
968.35. 

Before entering the cylinder, however, the steam at 
180 pounds (absolute) contained (1,195 — 181) — 1,014 
thermal units per pound above the temperature (212 de- 
grees Fahrenheit) of the feed water. Hence the total loss 

due to conversion of heat into work is i - ^^^ — ^ .04 s 

1,014 

— ^43^ per cent. 

In addition to this loss in the cylinder of the engine, 
we must consider a further loss at the boilers, owing to 
the fact that by raising the pressure we have the tempera- 
ture of the steam, 42 degrees. 

Now% assuming that the increase of the temperature 
of the escaping gases amounts to 42 degrees (and it cer- 
tainly can be no greater), and allowing 24 pounds of air 
per pound of coal, we have 42 x 24 x .238 — 240 thermal 
units lost per pound of coal burned. 

Now. assuming that one pound of coal evaporates at 
105 pounds pressure (absolute) 8 pounds of water, which 
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is equal to (1,182.4 — 181) x 8 = 8,011 thermal units. 
The loss at the boilers, therefore, may amount to -^t^ = 

about three per cent. Adding this to the previous loss of 
4^ per cent, we obtain a total loss of 7.5 per cent. But 
this loss must be figured on a basis of 70 pounds of water 
per horse power per hour, and hence, when computed at 
30 pounds, becomes 7.5 x -^° — 17.5 per cent. 

Therefore, we have practically obtained our work in 
the high pressure electric light engines at the rate of five 
and a quarter pounds per indicated horse power per hour, 
the re-evaporation during exhaust, together with the un- 
balanced motion of the steam eddies, wire drawing, etc., 
appearing again as steam or useful heat in the street 
mains. 

This is clearly an extreme case, but for this reason it 
better serves as an illustration. The percentage of steam 
condensed to water through the conversion of heat into 
work during expansion, would be greater in Cases i and 
2, but in these cases it would hardly be necessary to con- 
sider any possible extra loss at the boiler. 

Diagram D is the representation of an indicator card 
taken from an engine operating under conditions of ex- 
cessive back pressure similar to Case No. 3, diagram A, 
The back pressure in this instance was about 55 pounds 
above atmosphere, and the initial pressure about 130. 
The engine was an automatic cut-off type taken from the 
salesroom of a well-known engine builder, having been 
built for ordinary duty and not especially designed or 
altered for work of this unusual character. The engine 
was directly belted to a 750 light A. C. Westinghouse 
dynamo, which supplied current to about 600 incandes- 
cent lamps in the Lenox Lyceum, Fifty-ninth street and 
Madison avenue. The building was wired throughout on 
the Edison three wire plan, and the converters were ar- 
ranged two in series, with a middle wire to suit these con- 
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(iitioiiv Ihf plant was supplied with electric meters and 
ihr vaiioits station instruments, and represented, there- 
ti>ic. on a small scale, a central electric lighting station. 
Ihr ixhuust pipe of this engine was directly connected 
with out street mains, where an average steam pressure 
ol ahv)Ut ^^ pi)unils was alwavs maintained. The steam 
tioin the street mains was ust*d in part for operating 
eU\alots in apartment houses, and for running engines, 
and in part tor heating. If we follow the steam in its 
course th!v)UjL»h the electric light engine, thence through 
the clcvat<.)r. engines and pumps, and other engines along 
the line ot the underground steam mains, and thence to 
the ra<.liaiors, where condensation takes place, it will be 
evident ihal an economy is attained similar to that in a 
c<.>inpi)und c<.>ndcnsing engine, the electric light engines 
|)laving the part of ihe high pressure cylinder, the other 
cn;;>incs |.>laving the part of the low pressure cylinder, and 
the radiaL<,)rs taking the place of the condenser. 

This engine was operated under these conditions three 
oi f<.>ur evenings a week for about a year, affording a 
perfectly steady and siitisfactory light from the incandes- 
cent lamps. The running of the engine was not attended 
with any special dilliculties and gave no more care and 
occasioned no more tiouble than if exhausting into at- 
nuxsphcre. Uu several occasions the exhaust of the en- 
gine was sliuL off from the street mains and turned into 
annosj)hcrc, the initial pressure being reduced at the 
siunc time to correspond. At other times the reverse of 
this change was effected, and the exhaust turned from 
the atniosj;hcre into the street mains, without in either 
case i)r(;ducing a noteworthy Huctuation in the light from 
the incandescent lamps. 

The uross revenue to he derived from the sale of 
sicam for the heating of buildings may be estimated at 
from $1^.50 to $5.00 per 1,000 cubic feet of space heated 
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per season. The amount of heating to be obtained per 
mile of street mains will evidently vary very much, ac- 
cording to locality, and in the dozen or more district 
steam companies it is interesting to note what this varia- 
tion is. In the smaller towns, where systems of under- 
ground steam distribution exist, the space heated seems 
to vary from 1,000,000 to 2,000,000 cubic feet per mile 
of street main, and in the case of a larger city reaches 
5,000,000, and in the city of New York exceeds 
15,000,000. 

The cost of plant (which in these figures includes 
boiler house and boilers) varies from $20,000 to $30,000 
per mile, and in one instance reaches $50,000. 

In New York city the cost very much exceeds these 
figures, owing in part to the difficulties encountered and 
in part to the fact that the street mains were laid with a 
view to supplying steam for power. In the New York 
plant the pressure of steam in street mains is above 80 
pounds, and furnishes a supply to over 500 engines, and 
requires for this purpose in the summer time about 250 
tons of coal daily, and, including heating, reaches 500 
tons daily in the winter. The cost of a district steam 
plant where the business is confined to heating alone 
seems to vary from $10.00 to $20.00 per 1,000 cubic 
feet of space heated. Here again this cost includes boiler 
house and boilers. 

In order to make it clear beyond dispute that the 
business of a district steam company can be added to 
that of an electric lighting company, without prejudice 
to the latter, two points only need be established. First, 
the possibility of utilizing the exhaust of electric light 
engines, without detriment to the light and without in- 
troducing any serious complications or expense in the 
management of the station ; second, the certainty of an 
extra revenue, the net profits of which will equal or ex- 



68 

ceed the profits from the lighting plant for equal amounts 
of money invested. I have already touched upon both 
of these points and need, I think, only refer to the prac- 
tical working of the combined system at the Fifty-eighth 
street station of the New Vork Steam Company, where 
the back pressure of the engine was 55 pounds (with no 
inconvenience, and with no extra expense, save an almost 
indeterminate increased consumption of fuel ), to prove 
that, with a back pressure of only 15 pounds, a practical 
mechanical success is assured. Of course, to get the 
same power from the engines it would be necessary, un- 
less previously running with a light load, to increase the 
initial pressure 1 5 pounds, or to the same extent that the 
back pressure is increased. The eflfect of this, as I have 
shown, will be merely to pass a little more steam through 
the engine per horse power, which ordinarily would be 
bad practice and a waste of fuel, but, when distributed 
and sold for heating purposes, has nearly the value of 
live steam taken direct from the boiler. There would 
be times, of course, when the demand for heating 
would be slight* and when, therefore, it would be more 
economical to use a free exhaust, or, where there were sev- 
eral engines, to have only a portion of them deliver their 
exhaust into the street mains. The experiments of the 
New York Steam Company, previously cited, showed 
that the engines could easily be shifted from one exhaust 
pressure to the other without detriment to the light, and, 
therefore, be easily possible to secure at all times a maxi- 
mum of economy which a combined system would permit. 
So far as profits and dividends are concerned, a very 
considerable saving would follow by the mere union of 
the two interests, without even taking into account the 
values of the exhaust steam. Since, however, so much 
is dependent upon local conditions, it is impossible to 
give figures which would apply to anything more than a 
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hypothetical case. The amount of heat lost by radiation 
from the pipes of the New York Steam Company showed 
the loss to be about three per cent, of the carrying capac- 
ity of the pipes. It may be well to add here, as hav- 
ing a most important bearing on the profitableness of such 
an investment, some of the details of the cost of under- 
ground steam work. The sizes of pipe most common 
in practice are those having diameters of four inches, 
eight inches, and ten inches, the carrying capacities of 
which, with steam flowing with an initial head of 15 
pounds, are, respectively, about 50 horse power, 1 50 horse 
power and 600 horse power. The cost of the under- 
ground construction, which includes valves and the 
special appliances, such as variators, service box, anchor- 
ages, insulation, etc., may be roughly estimated at $7.50 
per foot for the ten inch, $6.00 for the eight inch, $4.50 
for the six inch, and $3.50 for the four inch. In many 
instances, where large buildings adjoin the lighting station, 
many of the appliances may be omitted, and much of the 
expense spared which must usually be counted in the 
cost of long distance work. 

The average price received for steam from the aggre- 
gate of consumers, large and small, is somewhat more 
than double the cost of producing the steam at the boiler 
house. This average is one willingly paid by the con- 
sumer, owing to the saving in cost of labor, and to the 
many conveniences and advantages to be derived from 
having steam on tap like gas and water. Out of these 
gross earnings, which exceed 50 per cent, of the receipts, 
there must be subtracted the cost of maintaining the 
street system, leaving a balance applicable either for divi- 
dends, improvements or new constructions, or, as often 
is the case in new enterprises, this balance must be ex- 
pended in reconstruction made necessary through defects 
arising from lack of experience at the start. 



The entire annual gross receipts of a plant are, of 
c<.>urse, limite<.l h)y the carrying capacity of the pipes, and 
nniy be estimated at about 40 per cent, of the cost of 
construction, and. therefore, net earnings of 25 per cent. 
will |.>t^rmit of lo per cent, dividends. Since the cost of 
steam anK)unts to 50 per cent, of gross receipts, it is evi- 
dent that if one-half of the steam sold for heating can be 
obtained from engine exhaust, the saving effected in this 
way alone will amount to enough to pay 10 per cent 
dividends. 

In this paper I have attempted to show the complete 
practical and commercial feasibility of combining a sys- 
tem of steam distribution from a central station with an 
electric light station plant in a manner to utilize the 
exhaust. 

1 have y;iven data that will assist in investigating the 
value of the plan in any locality where heating by steam 
could be introduced, but have purposely omitted to give 
any description or details of mechanical appliances and 
construction of underground steam work, as it seemed 
to me that the more important issue for discussion was 
the qucstion^ — What has the distribution of steam from 
a central station to do with electric lighting ? 

Thh Prksident : The Chair will call on Mr. R. H. 
Bisliop to open the discussion. 

DISCT'SSION. 

Mr. Bisiioi* : Mr. President and Gentlemen : In re- 
sponding to this invitation, to discuss the paper just read 
upon the subject of steam distribution from central sta- 
tions^ 1 would state at once there is little to be said ex- 
cept to contirm the statements therein made. Of course, 
1 shall not go over the technical arguments showing the 
theoretical reasons why the distribution of steam is 
mechanically possible. The fact that it has been success- 
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fully done for more than 1 2 years, and that there are now 
more than 30 different cities, besides the expensive plant 
in New York, with which Mr. Prentiss is connected, 
show that it is a developed industry. At the same time, 
it may be said that the combination proposed, the use of 
exhaust steam from electric plants, is of a few years de- 
velopment only, for the reason that electrical plants 
themselves are of very modern origin. 

The especial subject before you now is the practic- 
ability of electrical and steam combinations. Your at- 
tention has been especially called to the utilization of ex- 
haust steam from your engine, and the natural inquiry 
is as to its effect upon your engines and boilers through 
back pressure. The author of the paper just presented 
has shown that there is no theoretical reason whv this 
cannot be .done, and supplements his reasoning with re- 
ports of his own practical experience, and to those I am 
pleased to add reports of others' experience. The 
American District Steam Company constructed a short 
line of street mains in the fall of 1889, for the Edison 
Electric Light Company in Kansas City. Mr. E. R. 
Weeks, the efficient manager of the company, is here, 
and I would prefer that he would answer the questions 
connected with this subject as referring to that plant. 
In the fall of the same year the Ottumwa (Iowa) Rail- 
way, Electric and Steam Company, in addition to exten- 
sive street railway and electric lighting plants, had over 
two miles of street mains constructed, in connection with 
their other interests. The president of the company has 
kindly furnished me with some data referring to this sub- 
ject that I am sure will interest you, as the several figures 
will answer many questions that I apprehend will arise 
in your minds. The exhaust from the engine connects 
directly from the street mains, which mains are also con- 
nected with the steam drums over the boiler. By means 
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of reducing valves, it is under the control of the man- 
ajjcr in charge, to add live steam in any proportion re- 
quired to the supply of exhaust, or to use none at all. 
They have two engines; one in connection with the 
street railway, which runs, from 6 a. m. to i i p. m., the 
light engine and dynamos during the hours required. 
They now have 69 buildings taking steam at various 
points along the line — some quite large, such as the Post 
Office, Opera House, school buildings, churches, busi- 
ness blocks, residences, etc. The exhaust steam from 
the railroad engines supplies nearly all the steam required 
to maintain pressure in the two miles of mains to supply 
heat to the 69 buildings. Part of the time a small 
amount of live steam is added. When the light engine 
is in use also, the present consumption does not use all 
of the exhaust. The pressure at the boiler house, in the 
street mains, is 1 2 to 1 5 pounds. The pressure indicated 
1 ,000 feet therefrom is one to two pounds less ; the press- 
ure indicated 4,300 feet therefrom is three to six pounds 
less than at the boiler. These figures were taken when 
all the buildings were taking their quota of steam, and 
still there is a large margin above what is required for 
the present consumption. At this date they have about 
1 5 per cent, of the probable future consumption. An- 
other equal amount is in sight now for the coming year. 
Application has been made already for that increased 
consumption. The present earnings are, net, about 13 
per cent, upon the cost of this feature of their enter- 
prise, with another equal amount in sight, as I before 
stated, in the coming year, which will involve no increase 
of expense, excepting for fuel. 

In answer to my inquiry as to what the apparent 
effect of the engines and boilers was, he says nothing, ex- 
cept that 1 2 to 15 pounds of extra pressure must be 
carried. 
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Another illustration of this use of exhaust steam can 
be quoted from the Springfield Electric Company, and I 
am glad to see the president of that company here. This 
pipe was laid last fall. The President informed me last 
week that it worked perfectly. They deliver the steam 
through nearly 2,000 feet of mains at two and three 
pounds back pressure. They are so pleased with this 
saving of exhaust steam that they propose an extension 
of the mains the coming season. 

Another similar undertaking was made by the Duluth 
Company last fall. I had not seen them to obtain de- 
tails. Theie is another plant at Chester, Pa. 

Thus far, we have viewed this exhaust steam as a 
by-product — that is, purely as referring to electric light 
plants. But may we not hereafter refer to it as the 
original commodity. You buy real estate, erect build- 
ing and boilers, lay railroad tracks, equip with motors 
arid cars, buy coal and water, employ a force of men; 
yet, it is all a useless aggregation until you fire up the 
boilers. By combustion of fuel, and absorption of the 
heat units bv water, we load this water with the fuel 
value of our product, and do you utilize all by former 
methods ? This is your important question. I believe 
it is conceded that the average engine makes use of only 
about 10 per cent, of the heat absorbed. The balance 
has heretofore made its escape. Like the compound 
engine to which Mr. Premiss makes comparison, we pro- 
pose to exact further duties from this power, which we 
can, if we turn it into the street mains and heat our build- 
ings as well as light them, so that when the water be- 
comes water again it has contributed its full value of heat 
absorbed to the investment. 

You naturally ask, about how much value has this 
steam ? An approximate answer may be given by stating 
that each hundred horse power of boilers steaming at 20 
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or 25 pounds pressure has a capacity for heating 1,500,000 
cubic feet of space. This is the maximum. The mini- 
mum figure, allowing for all absorption of heat by engines, 
is 1,000,000 cubic feet for each 100 horse power. 

Since reaching the city I have had the pleasure of 
asking Mr. Ide, of Springfield, the amount of their heat. 
He does their heating now upon nearly 1,000,000 cubic 
feet of space, and using but little to exceed one-half 
of 100 horse power boiler; so that would fully sustain 
me in these figures. 

Mr. Prentiss has already told you this is worth, ac- 
cording to the price of fuel, $2,500 to $5,000 per 100 
horse power for the season. You can form an approxi- 
mate idea of how much steam you are throwing away. 
The figures obtained from plants in operation indicate 
that the extra expense incurred to accomplish this does 
not exceed 25 per cent, of the income even now. Of 
course, all of this is accomplished only by constructing 
mains in the most approved manner. 

Another important question in connection with this 
general subject is that the earnings from electric light 
plants is confined from six to eight hours out of each 
24. The balance of the time the boilers and men are 
comparatively idle. Instead, then, of banking your fire 
from 16 to 18 hours, waiting for the time to come to 
commence earning again, keep all steadily at work at 
low pressure supplying heat. It costs but little more to 
run the boilers, engines and other machinery lying still, 
at 15 or 20 pounds, than to bank the fires and hold them 
at the higher pressure without use. The heaviest load 
in heating is during the hours that the electric work is 
lightest. 

The whole subject is finally reduced to this sugges- 
tion : Add the steam heating to your other industries, 
that you may get all that is possible out of your plant by 
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working 24, instead of six or eight hours, and especially to 
get out of your steam all the value that it contains, instead 
of being satisfied with a small percentage only. These 
are the fundamental principles of success in any business. 

Is it not apparent that this subject has something to 
do with electric lighting ? 

The President: The Chair will call on Mr. Weeks 
to make some remarks on the subject. 

Mr. Weeks: I would rather not occupy the time 
of the Convention on this matter, as long as we have 
those who know so much more about it. At present wp 
have Mr. Ide, of the Springfield Company, to whom Mr. 
Bishop has referred. I would prefer rather to hear from 
him first. 

The President: If Mr. Ide is here, we would be 
glad to hear from him. 

Mr. Ide: My experience in heating has not been 
very long or extensive. Last fall we put in about 2,000 
feet of main, about one-third eight inch, the balance six 
inch. Our station is favorably located in the central 
business portion, and we conceived the idea of selling 
our exhaust steam. We have a five year contract for 
furnishing power for an electric railway. At present 
they are running 10 cars. We also run a motor circuit 
that is now using about 50 horse power. We made a 
contract with seven store buildings to heat them for five 
years with exhaust steam at a price averaging about $200 
a year. The buildings contain about 100,000 cubic feet 
of space each. We did not contract for any more at 
that time, because we wanted to be sure to have sufficient 
exhaust steam to supply them. We have now given 
about four months' service, which have been very satis- 
factory in every respect, warming the buildings satisfac- 
torily in the coldest weather. We have never exceeded 
four pounds back pressure. Ordinarily we carry two 
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pounds back pressure, and the gauge shows a reduction 
of about one pound at the extreme end of the mains. 
We estimate that the expense of furnishing this exhaust 
steam is trifling. We do not notice any difference in 
the consumption of coal required, and we now find that 
with the surface exhaust steam we do not utilize over 
half. Next summer we expect to add about a thousand 
feet more main. We think our present steam will be 
sufficient to double our capacity. We estimate that the 
receipts we get from steam are about one-half profit. It 
does not require any additional attendance. It is simply 
the interest on the investment on the plant, and the slight 
additional fuel it requires. 

Mr. Pope : In connection with this subject, it is in- 
teresting to note that it is a reversal of the proposition 
that was made by the New York Steam Company some 
six or seven years ago, to utilize their waste steam at 
night for electric lighting — I think in connection with 
the Parker system. I never heard anything more about 
it, excepting that it was a newspaper statement, in which 
they gave interviews with steam heating people and some 
others as to the practicability of it. Since that time I 
have heard nothing of it at all. 

Mr. Seely : I would like to ask whether, in utiliz- 
ing this exhaust steam, the exhaust is confined to a 
boiler or cylinder before it is forced out into the main ; 
also whether the mains are enclosed in any special jacket, 
to prevent the steam from escaping, or expansion of 
joints of any kind — whether they have had any trouble 
whatever ? 

Mr. Bishop : The connection is made direct with 
the exhaust pipe — no drum, simply a continuation of the 
street main. 

Your second question, in regard to the method of 
construction. There is a very elaborate system of cover- 
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ing for protection against condensation, and a provision 
made for expansion and contraction of iron. It is known 
as the Holley system. The drawings I can show you at 
any time. This point is only attained by having accom- 
plished those two points — not losing our steam by con- 
densation, and being able to control the iron under 
expansion and contraction. I say it is known as the 
Holley system, which I shall be glad, whenever you wish 
to see it, to show to you. 

A Member: How deep do you have to lay your 
pipes ? 

Mr. Bishop : They do not have to be laid any 
depth. That is controlled by the existing conditions of 
the street, to get out of the way of gas, or the water and 
such mains. To illustrate — a plant that we built in 
"Syracuse was located on the north side of the canal, and 
the work was on the south side, and the pipe was carried 
over an iron bridge. So we can suspend it in the air or 
bury it, just as the conditions offer. 

Mr. Weeks: I do not know that I can add very 
much to what has been said. I consider the matter of 
the distribution of the heat from a central station a very 
important question, and one that I think the near future 
has a solution of in store for us. I have hoped, and still 
hope that the solution will be an electrical one. But so 
long as the best electrical heaters require from 300 to 400 
watts 15 minutes, about 90 watt hours, to boil a cup of 
tea, we cannot hope for very satisfactory results in the 
balance sheet by using that system. It occurred to us 
in Kansas City that we were having, as Mr. Bishop called 
it, a by-product which we might possibly get something 
out of. We, therefore, contracted with the Holley com- 
pany to put in a few hundred feet of pipe in connection 
with our station which is located in the business center 
of the city, and arranged with our neighbors in the im- 
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mediate vicinity within the block, to do their heating for 
them. We have found that we have never carried over 
six pounds back pressure, and from that it ranges down 
to two ; it usually runs about three or three and a half 
pounds. We have had the plant in operation now for 1 5 
or 16 months, and have been very much pleased with its 
operation so far. We have cleared about 50 per cent, of 
the cost of that plant to us during the first year, and I 
think that we can considerably increase that net result by 
adding other customers. 

The President : The next paper on the list, on the 
'' Municipal Control of Electric Railroads," by Morris 
W. Mead, has not been presented. The next after that 
is the report of the Committee on National Insurance 
Rules ; George Cutter, Chairman. 

Mr. Francisco: The Committee has accomplished 
nothing and it has consequently nothing to say. I move 
that the Committee be discharged. 

The motion was carried. 

Mr. Francisco : I move that the President appoint 
a Standing Committee to formulate Wiring Rules and 
Insurance Rules. 



The President : I had suggested in the morning 
that I had a recommendation prepared, which is right in 
the same line ; and, with your permission, I will pre- 
sent it : 

RECOMMENDATION BY THE PRESIDENT. 

** I recommend that a Standing Committee be ap- 
pointed to formulate and, from time to time, revise a 
code of instruction to be known and published as In- 
structions by the National Electric Light Association 
for the safe and economical wiring of streets and build 
ings for the service of electric light and power, and for 
the proper inspection and maintenance of the same/' 

Mr. Francisco : I will accept that as a substitute 
for my motion. 

Mr. Brown : As the seconder of the motion, I will 
second that. 

The President : Are you in favor of the adoption, 
or will you have it referred to a Committee ? 

Mr. De Camp : I move its adoption. 

Mr. Brown : I second its adoption. 

The President : All in favor of the adoption of 
the recommendation just read as the action of this body, 
will say **aye." (Adopted.) 

Mr. De Camp : Do I understarfd as the sense of 
that resolution that the Chair will appoint that Com- 
mittee ? 

The President: It is within the province of the 
Convention to say how the Committee shall be appointed. 
I simply suggest that such a Committee be appointed. 
The resolution simply provides for a Committee ; the 
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manner of appointing^ the Committee lies with the Con- 
vention. 

Mr. Francisco: Mv intention was that the Chair 
should appoint that Committee. 

The President : Then a motion to that end would 
be in order. 

Mr. Francisco: I move, then, that the Chair ap- 
point that Committee. 

Mr. Brown : I second that motion. 

Mr. Armstrong : Isn*t that already provided for, 
that under our rules the Chair is to appoint all commit- 
tees not otherwise provided for ? 

The President : That may be, but the shortest way 
to settle it is to put the motion. All in favor of the 
motion will say **aye." (Carried.) 

The President : That concludes the body of the bus- 
iness for this afternoon. There was a long paper down 
on the programme, which, of course, would have con- 
sumed the time, but the paper is not here ; and, if there 
is no other business to come before the Association, a 
motion to adjourn would be in order. 

Before that motion is made, however, I desire to 
state that the members of the Executive Committee are 
requested to meet in the Secretary's room at once. 

Mr. Brown : I move that we now adjourn. 

Mr. Burleigh : I second the motion. 

Mr. De Camp : What time do we meet to-morrow 
morning ? 

The Preside.wt : At lo o'clock. Now, all in favor 
of the motion that we now adjourn until to-morrow 
morning at lo o'clock, will say ''aye." 

The motion was carried. 

The Convention then adjourned until Wednesday, 
February i8, 1 891, at 10 a. m. 



EXPOSITION. 



Open from 9 a. m. until 6 p. m. Open from 7 p. m. 
until II p. M. 

THE EXHIBIT. 



In connection with the Thirteenth Convention of 
the National Electric Light Association, an exhibition 
of electrical apparatus and appliances was held, especially 
such as are used in the business of furnishing light and 
power. 

A suitable hall was secured opposite the Narragan- 
sett Hotel, which was the Association Headquarters, 
and, through the courtesy of the Narragansett Electric 
Lighting Company, all the electric current necessary was 
provided. There were run into the hall three circuits, 
viz.: I St, an incandescent alternating current converted 
to 50 volts ; 2nd, a 500 volt direct current; 3rd, an arc 
current of 6.8 amperes. 

On Tuesday the exhibition was informally opened at 
9 A. M. and closed at 5.30 p. m. It was opened again at 

7 p. M., and formal opening exercises took place at 

8 p. M. 

On Wednesday and Thursday the exhibition was 
open from 9 a. m. until 6 p. m., and from 7 to 1 1 p. m. 

The exhibits were in three departments, known as 
Morrison Hall, Duncan Gallery, Weeks' Hall. 

The exhibitors were as follows : 

N. Y. Insulated Wire Co., New York city, insulated wire 
and cables. 

Phoenix Glass Co., N. Y. city, electric glassware, globes, etc. 

7 
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Washburn & Moen Mfg. Co., Worcester, Mass., samples of 
wire. 

Electric Engineering and Supply Co., Syracuse, N. Y., elec- 
tric lighting and railway supplies. 

Swartz & Gannett, Providence, R. I., electric appliances, 
accumulators, phonographs, etc. 

The Eddy Electric Motor Co., Windsor, Conn., motors and 
dynamos. 

Jewell Belting Co., Hartford, Conn., belting. 

American Electrical Works, Providence, R. I., insulated 
wires. 

Jenney Electric Motor Co., Indianapolis, Ind., motors and 
switches. 

Interior Conduit and Insulation Co., N. Y. city, interior 
and underground conduits. 

James W. Queen & Co., Philadelphia, Pa., electrical instru- 
ments. 

Drake, Payson & Whittier, Providence, R. I., electric 
models, motors and specialties. 

The Okonite Co., N. Y. city, insulated wire, etc. 

The E. S. Greeley & Co., N. Y. city, electrical instruments 
and supplies. 

Electrician Publishing Co., Chicago, 111., headquarters 
Western Electrician. 

Alexander, Barney & Chapin, N. Y. city, general electrical 
supplies. 

H. T. Paiste, Philadelphia, Pa., switches, cut-outs, etc. 

The Bryant Electric Co., Bridgeport, Conn., electrical 
supplies. 

Bernstein Electric Co., Boston, Mass., series lamps and 
instruments, 

T. M. Foote Regulator Co., Boston, Mass., speed regulator. 

The Holtzer-Cabot Electric Co., Boston, Mass., electric 
light appliances. 

Jonn Lynch, Washington, D. C, terra cotta conduits. 

The C. Mclntire Co., Newark, N. J., Mclntire connectors, etc. 

Eureka Tempered Copper Co., North East, Pa., copper 
brushes, commutators, etc. 

Standard Electric Supply Co., Boston, Mass., voltmeters, 
ammeters. 

Narragan&ett Electric Supply Co., Providence, R. L, display 
of incandescent lamps, etc. 
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The Johns-Pratt Co., Hartford, Conn., vulcabeston insula- 
tion. 

Shultz Belting Co., St. Louis, Mo., belting. 

The Walker Electric Co., N. Y. city, ammeters, volt- 
meters, etc. 

Electric Power Publishing Co., N. Y. city, magazine. 

'J he Electrical Engineer^ N. Y. city, magazine. 

Modern Light and Heat^ Boston, Mass., newspaper. 

Chas. A. Schieren & Co., N. Y. city, belting. 

Sperry Electric Light Co., Chicago, 111., arc lamps, etc. 

Thomson-Houston Electric Co., Boston, Mass.^ recording 
watt meters. 

G. G. Stillman, Boston, Mass., Spencer damper regulator. 

Electrical Supply Co., Chicago, 111., electrical supplies. 

Safety Insulated Wire Co., N. Y. city, wire and cables. 

Russel Electric Co., Boston, Mass., arc lamps. 

Simplex Electric Co., Boston, Mass., insulated wire, etc. 

Great Western Electric Supply Co., Chicago, 111., electrical 
supplies. 

New England Butt Co., Providence, R. I., braiding ma- 
chines, etc. 

Star Electrix Co., Philadelphia, Pa., switches, sockets, etc. 

Fairbanks-Brown Co., Boston, Mass., supplies. 



AN EXHIBIT COSTING $600,000. 



In addition to the varied exhibits made by manu- 
facturers, the entire plant of the Narragansett Electric 
Lighting Company, that has cost $600,000, was an ex- 
hibit of the best engineering practice of the day. 



ORDER OF BUSINESS. 



Wednesday, February i8, 1891. 



THIRD SESSION, lO A. M. 



Memorial session in honor of the pioneers of elec- 
trical industries. 



Hello ! Hello !! Hello !!! 



LIGHT AND POWER. 



FOURTH SESSION. 3 P. M. 

1 . Paper, ''The Ellectric Arc and its Use in Lighting/' 

Bv Prof. Elihu Thomson. 

2. Report. Committee on the Proper Classification 

of the Lighting Power and Incan- 
descent Lamps. 
I>r. Louis BelL Chairman. 

3. Report. Committee on Legislation. 

Hon. EL A. Armstrong, Chairman. 



THIRD SESSION. 



% 

Wednesday, February i8, 1891. 

The Convention was called to order by the President 
at 1 1. 10 A. M. 

The President: It seems eminently proper that we 
should pause a moment in our advancing course, like a 
traveler ascending a mountain side, to look back upon 
the path he has already traversed. There will be many 
things of interest, and many things to remember that are 
gay, and some that are sad, for they are not all with us 
who started out in the morning of our work. 

There are those here who represent the ocean cable 
and the overland telegraph and telephone, that which 
has enabled two continents to converse together, the in- 
habitants to hold familiar intercourse with each other. 
Those who witnessed the first division of the electric cur- 
rent and saw the glow of the infant incandescent lamp. 
Those who witnessed the first uncertain sputter and flare 
of the arc lamp in its early state. Those who by their 
energy and perseverance have dotted the country all over 
with the little stars of the incandescent or vacuum lamp, 
and the sun-like brilliancy of the arc light, until they vie 
with the firmament above us. 

The transmission of this mysterious energy by the 
hundreds of horse power over a little conductor no longer 
than our grandmother s knitting needle to revolve the 
wheels of our industrial establishments and propel in all 
directions vehicles for the transportation of passengers 
and freight. 

These are only a few of the triumphs which have at- 
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tended the development of the industry which we repre- 
sent, but it is not my desire to entrench upon the time 
which belongs to you. I wish, however, to relate a single 
instance of my experience. One of the first duties which 
came to me as manager of the Narragansett Electric 
Lighting Company was the laying out of a new circuit. 

When I first came into the Narragansett Company, 
six years ago, Mr. Thomas had just been appointed su- 
perintendent, and the first duty we had was to lay out a 
new circuit within two or three days after we came to- 
gether. He was somewhat new to the business, and I 
myself but little acquainted with it, and we thought we 
would draw it out on paper, and we looked down this 
street and back again into this building and out again, 
and it was a very crooked affair, and I said, " Thomas, 
this will never do. VVe know electricity is not going 
around those corners ; it is going to fly right off the angle 
of the wire straight to the ground and go into the build- 
ings." He said, ** No ; when I was working for the burg- 
lar alarm system we used to coil the wire on a pencil, and 
I think the idea was to give it a whirling motion so that 
it would go around these corners.'* So we put out the 
circuit crooked and it has worked ever since. 

I will request Judge Armstrong to read some letters 
we have from some of our distinguished guests who 
have been unable to be present. 



Judge Armstrong read the following letters : 

LETTERS FROM INVITED GUESTS. 



Executive Office, Western Union Telegraph Co. 

NoRViN Green, President. 

New York, February 17, 1891. 

Hon. M, J. Perry, Preside7it ; Allen R, Footer Esq., 
Secretary, 

Dear Sirs : Thanking you for your kind invitation 
to become the guest of the National Electric Light 
Association, at your First Decennial Celebration of 
Electric Lighting, and the Thirteenth Convention of 
your Association, to be held in Providence, R. I., Feb- 
urary 17, 18 and 19, I sincerely regret to find it impos- 
sible for me to attend. My condition of health would 
render the journey hazardous, and the exacting nature 
of my official duties would scarcely admit of my absence, 
whilst the general manager is also absent from illness. 

The genius of modern invention, and especially in 
the line of the application of electric science to com- 
mercial and domestic uses, has marked the present age 
as an epoch in the World's history. During my lifetime 
more progress has been made in the advancement of 
commerce and manufactures, and in the annihilation of 
time and space, than had been made in 10 previous cen- 
turies. Lightning had been drawn from the clouds or 
generated by friction and batteries, and bottled up in 
Leyden jars. But it was an untamed horse and nobody 
knew of any useful purpose it could be applied to. But 
modern inventions have harnessed it to the wires and 
sent it flying overland and under water through all 
quarters of the earth, making instantaneous communica- 
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tions with the most distant points. More recently it has 
been made to glow in lamps with a brilliancy and soft- 
ness of light far transcending in utility and convenience 
anything ever before known, both for streets and public 
halls, parks and private buildings. Still more recently 
it has been harnessed up for power, and the street rail- 
ways are smoothly and swiftly running over the surface 
without anv visible traction. 

No conception or foresight can define to what other 
and further uses this wonderful element may be applied. 
All we know is that new and improved discoveries and 
devices are constantly being made, and the men engaged 
in it are winning a fame and recognition of which their 
descendants will have just reason to be proud. 

I am, my dear sirs, 

Most respectfully yours, 

NoRviN Green. 



New York, February 9, 1891. 

Messrs, Marsden J, Perry y President ; Allen R, FootCy 
Secretary y National Electric Light Association, 

Gentlemen : I regret that a previous engagement 
deprives me of the pleasure of accepting the polite invi- 
tation of the National Electric Light Association, to 
attend their meetings at Providence, R. I., on the 17th, 
1 8th and 19th instant. 

I remain, gentlemen, 

Yours very faithfully, 

Cyrus W. Field. 
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Commercial Cable Company. — Mack ay-Bennett 

Cables. 

John W. Mackay, President. 

Hector de Castro, Vice-President. 

Geo. G. Ward, Secy, and Gen. Mgr, 

Executive Offices, 
Washington Building, i Broadway, 

New York, February i6, 1891. 

Allen R, Foote, Secretary, National Electric Light 
Association, 18 Cortlandt Street. 

Dear Sir : Your esteemed favor of the 13th instant 
was duly received, and I beg to express my appreciation 
of the high honor tendered to me by the invitation to 
attend the sessions of the Convention of the National 
Electric Light Association, to represent the subject of 
Ocean Telegraphy. 

I delayed acknowledging the receipt of your letter 
until now in the hope that 1 might be able to avail my- 
self of the privilege of being present at the Memorial 
Session, on Wednesday next, but the pressure of my en- 
gagements forbids my doing so ; I am, therefore, reluct- 
antly compelled to deny myself the pleasure^ which I 
much regret. 

Wishing you a very successful meeting, and thanking 
you for the souvenir you were kind enough to enclose, 
I remain. 

Yours very truly, 

Geo. G. Ward. 



1336 Nineteenth Street, 

Washington, D. C, Feb. 13, 1891. 

A. R. Foote, 18 Cortlandt Street, New York. 

Dear Sir : I regret exceedingly that important 
business in Washington will render it impossible for me 
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to be in Providence on the 19th instant, to meet the 
Electric Light Association. 

Yours truly, 

Alexander Graham Bell. 



956 Euclid Avenue. 

Mr. Charles F. Brush regrets that important engage- 
ments will prevent his becoming the guest of the National 
Electric Light Association on the occasion of the first 
decennial celebration of electric lighting. 



Presidents Office, Massachusetts Institute 

OF Technology. 

« 

Boston, February 10, 1891. 

Allen R. Foote, Esq., Secretary , National Electric 
Light Associatio7i, 

Dear Sir : I am very sorry to find that my duties 
on the 1 8th and 19th inst., will not allow me to leave 
Boston to attend the very interesting session at Provid- 
ence, in celebration of 10 years' progress in electric 
lighting. 

Yours truly, 

Francis A. Walker. 



The President : Gentlemen, it gives me great 
pleasure to introduce to you one of the veterans of elec- 
trical service, Mr. Thomas Lockwood, of the American 
Bell Telephone Company, who will speak to you of the 
telegraph and the telephone. (Applause.) 

THE TELEGRAPH AND THE TELEPHONE. 



Mr. Lockwood : Mr. President, Ladies and Gen- 
tlemen : 

It seems to me in order at the outset of my remarks 
that I should offer what the newspapers call ** a word of 
personal explanation.'' I never have been fond of fol- 
lowing fashions, or I think I should have written a letter. 
(Laughter.) I did not know until my arrival here that 
Dr. Norvin Green had not been able to appear. I knew 
that Professor Bell had been unavoidably detained in 
Washington. 

We have it on no less authority than the immortal 
Shakespeare, that ** Imperial Caesar, dead, and turned to 
clay, may stop a hole to keep the wind away/' This 
quality, I apprehend, is the only one which Caesar and I 
share ; that is the only parallel between us. 

I do not feel able to respond for the telegraph in the 
way that Dr. Norvin Green could have done ; I cer- 
tainly cannot speak as authoritatively upon the telephone 
as the man who made it could have done ; but so far as 
I can fill the places of either I will try so to do, even 
though the judgment of my audience at the conclusion 
of my remarks shall be that I have simply rustled around 
in their places. 
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The telegraph of today is about 55 years old. Prior 
to that there were numerous conceptions, numerous 
imaginative notions, but nothing practical. Almost 
from the earliest years of the Christian era, or, at all 
events, dating far back in the middle ages, there has been 
a conception prevailing among the literary portion of man- 
kind, of what I may call the imaginative telegraph. This 
appears first in a Latin book written by Monk, and the 
conception, briefly stated, is that of two needles, poised 
upon pivots, and pointing to the periphery of a circle 
around which there were depicted the letters of the 
alphabet. It was said that if these two needles, which 
were of iron, were rubbed upon the same loadstone, 
that two friends might then take them and travel in 
opposite directions, and, at stated times, if wishing to 
communicate with each other, that by one of them 
pointing the needle to the various letters of the alphabet, 
the needle in the hands of the other would promptly 
respond and point to the same letters, and by that means 
conversation between the friends could be readily carried 
on. 

This, I believe, was the first imagination of what has 
since proved a grand reality — the dial telegraph. It has 
formed the subject of story and song. Joseph Addison 
speaks of it in his essays, and our old friend Gallileo, 
who, although an ardent philosopher and a great scien- 
tist, was also a keen man of business, and who tells us in 
one of his stories that a certain man came to him and 
offered to sell him such a thing, and he said, ** I do not 
care to buy it until I have first tried it, to see whether it 
will work." The person then declined to put it to a test 
and Gallileo said to him, **I do not care to go into the 
innermost parts of Muscovy simply to try an invention 
which 1 know will not work," and he asked him to sit 
down with him on a sofa and see if it would work, 



93 

because he knew if it would not work for a short dis- 
tance, it would not work for a long one. 

As years rolled on electricity came to the front, and 
it was seen the only way by which intelligence could be 
sent for long distances was through its agency. Before 
the right plan came to the front several hundred wrong 
plans naturally came there. But, had it not been for the 
invention in the beginning of this century of the vol- 
taic pile, I do not think we would have seen the electric 
telegraph, because that was the early beginning of electro- 
magnetic induction, and if we had not had the pile we 
certainly would not have had the dynamo. 

But after that, in 1819, another real advance was 
made, another advance which magnetic applications of 
all kinds, and to which voltaic electricity owes its indus- 
trial application, were made. This was the discovery, in 
1 81 9, by the Danish Professor Erstedt, of the missing 
link between electricity and magnetism. I do not hazard 
anything when I say that to that one discovery every- 
thing that we now do by electricity is due, except, per- 
haps, what I think are the neglected arts of electroplat- 
ing and electrotyping ; since, as early as 1832, at least, 
our own Professor Morse, whom some of us have seen, 
and whom all of us have heard of, conceived, when he saw 
and witnessed the operation of electro-magnets, that the 
electro-magnet was the means through which electrical 
communication was to be devised. He came, he saw, 
but he did not conquer for at least five years from that 
time. In 1837 his first model was made, which, by 1842, 
was put into practice. The early line, as many of us 
know, was from Washington to Baltimore. The first 
message, which was sent by the daughter of Commis- 
sioner of Patents Ellsworth, was: '* What hath God 
wrought." From that line nearly every line in foreign 
countries has proceeded. In this country we are apt to 
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State that Morse is the inventor of the telegraph. We 
should say that he was the inventor of the electro-mag- 
netic telegraph. 

From those small beginnings what has arisen ? This 
country is covered with lines from side to side, and from 
one end to the other. The entire civilized world is cov- 
ered with electric wire. The continents are linked by 
under-water cable. To-day the business man conducts 
his business by electricity. 

I would have liked that the ancient chronologist, the 
great sage of telegraphy to-day, the man who stood by 
Morse in his earlier years (and who is now in Scotland), 
Mr. J. J. Reed, were here. (Applause.) His name was 
brought to my memory by the incident w^hich your Pres- 
ident has related of the electrician who persisted in wind- 
ing his wire around a pencil to overcome certain defects. 
I was reminded by that of the great faith which some of 
the early superintendents had in Reed. It appears that 
Reed had always been accustomed to roll up his record 
at the end of directors meetings, but one eventful meet- 
ing Reed was absent. A Mr. Swayne presided over that 
meeting, and at the close of the meeting the Secretary 
pro tem.y proceeded to fold up his records, when Swayne 
grasped him by the arm and said : *' Stop! Reed never 
does that ; Reed always rolls them" (laughter), and the 
records were rolled. 

It is very difficult for me, Mr. President and gentle- 
men, to speak at length upon this subject ; but I would 
not do you or myself justice were I not to mention for a 
moment one or two of the later inventions which have 
made the telegraph what it is. If I should neglect to 
speak of the various methods of multiplex telegraphy, 
of the duplex telegraphy, originated, I think, in the first 
place by Dr. Gentil, of Germany, persevered in, and at 
last perfected and made a practical agent of civilization, by 
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our own J. B. Sears, a Boston man, I should feel that I 
had neglected my duty. Just about six months before 
Sears did make it practical, one of the ablest electrical 
historians of Great Britain wrote a very capable, able and 
intelligent text-book of electricity as applied to the tele- 
graph. The first part was composed of history, the second 
part of descriptions of apparatus ; but one of the most 
remarkable things in that book, and one of the statements 
which will make that book immortal, is this : After de- 
scribing the various methods, he said : '' But all these 
things are simply series of electrical gymnastics, but which 
will never come to any practical account." Six months 
after that the duplex was working on the lines of the 
Franklin Telegraph Company in the United States, and 
making that company a formidable rival of the Western 
Union. 

A very little while after that, it was seen that if it 
were possible to send two messages in the same direc- 
tion over the same wire, if it were possible as it had 
proved to send two messages in opposite directions, it 
might then be possible, as a third stage, to put the two 
together and make a quadruplex. This was demon- 
strated by Oliver Heavyside, in England, and was put in 
practice by Mr. Edison and Mr. Prescott, on the West- 
ern Union lines. I need not undertake a description of 
the duplex and the quadruplex in this presence. If I 
should undertake it without apparatus and diagrams I 
should fail most lamentably and should doubtless tangle 
myself up in my own wires. 

I must, however, mention that there is still one other 
direction in which telegraphy has spread still, in multiple 
telegraphing. But, discarding the ordinary duplex and 
quadruplex method, it was seen that the Morse telegraph, 
the manual operation of the Morse key, took up a great 
deal more time than was necessary, and that a wire was 
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capable of sending a great many signals in a given unit 
of time, more than the individual arm was capable of 
sending upon it ; and one or two men argue from that, 
that if this be so we may cut up the ends of our wire 
into 4. 8, 12, 16 different branches, and each branch 
would have possession of the entire main line for its in- 
dividual moment, and, as the operator on such branch 
could send up to a certain rate, if we did not have a 
larger number of branches than the aggregate number of 
pulsations which all the operators were capable of send- 
ing, it might be possible in that way to send a large num- 
ber of messages in either direction upon the same wire. 
The great difficulty was that it was not easy to make the 
moving ends of the main line at the two terminal stations 
move synchronously with each other ; they had a habit 
of running one a little faster and the other a little slower, 
and very soon the two operators were working with 
people with whom they had no concern. And so the 
great point for the inventor there was to keep the main 
lines in synchronism. This was practically done by a man 
who had grown up as a telegraph operator, Mr. Patrick 
B. Delany. Providence is the place where, of all others, 
I should speak of this, because for a long time the prac- 
tical line upon those principles was operated between 
Providence and Boston. 

The British government has, as you know, control 
of its telegraph system. They like to stick to old ways 
over there perhaps more than we do in America, and 
yet that conservative government has seen fit to pur- 
chase the Delany invention, and I saw it in operation 
last Summer, when six messages were being sent over 
one line ; and the British government is satisfied with it, 
and it is doing excellent work there side by side with 
the Wheatstone automatic. 

I am quite certain that I have not failed in holding 
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out to my first view as to my ability to fill the shoes of 
Dr. Norvin Green. I do not feel that I have done 
justice to the telegraph. I am, however, a little more at 
home upon the next branch of my subject — the tele- 
phone. Sir David Brewster, one of the greatest scientific 
men of a scientific age, and who died about 24 years 
ago, was a Scotchman, who for many years was at the 
head of scientific circles in England. More than once 
he was president of the British Association. He wrote 
a book some time between 1830 and 1840 entitled, 
'* Letters on Natural Magic," and he closes a chapter 
devoted to automatic talking machines by saying: '' We 
have no doubt that before another century is completed 
a talking and a singing machine will be numbered among 
the conquests of science." 

That book is most interesting, and was published in 
1832. It is not an easy book to get, but I had reason 
to believe that I would discover there what I did dis- 
cover, namely, a chapter on talking machines. It is at 
least 200 years since talking machines have been in ex- 
perimental use — I mean automatic concerns, which, when 
the operator performs certain operations, pressing a but- 
ton here and a button there, would cause the machines 
to utter certain words, usually of a very low order, some- 
thing like the words uttered by the phonograph dolls ; 
and if you knew what those machines were going to 
say it sounded wonderfully like. (Laughter.) They 
could say '*Papa" and *' Mamma," and usually their 
vocabulary ended there. Whatever words those machines 
were constructed to make, those words they could make, 
and the mechanism was of a most complicated character, 
because their makers assumed that to copy vocal articu- 
lation they must necessarily copy the entire human 
mechanism, including the mouth, the larynx, the wind- 
pipe and so forth. I have often wondered that some 
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time in reality someone has not tried to do what Frank- 
enstein tried in story to do, and make an entire human be- 
ing. You know he did construct a human being, but he 
couldn't make it the right size because he could not 
work on a sufficiently small scale, and when he got it 
built it was such a terrible thing that it frightened him 
and became the grief of his life. 

Justice Sprague, one of the great lights of the legal 
profession, gave utterance to the following statements : 
** Prophecy after the event is easy prophecy." But this 
was prophecy before the event and is realized. Sir 
David Brewster's prophecy was not after the event, and 
it was not easy, but it was made by a man of science 
through the faith that was in him, generated from what 
he had seen and from what he knew of scientific laws. 
At the time when Mr. Brewster spoke, certain automatic 
machines had from time to time been made, which, labor- 
iously imitating in their construction the human vocal 
organs, were able tcf repeat one or two words ; but the 
machine which realized his prophecy employs as its talk- 
ing organ simply a little disc of metal. 

In the telephone, a double problem was solved, which 
was : (i) How to make a metal plate copy the motions 
of all complex organs of speech ; and (2) how to make 
that one plate talk by electricity when that electricity 
was applied at a distance. In other words, if the person 
should be talking here, how shall he make an iron plate 
copy his talk somewhere else and reproduce it. There was 
one man of all the world, fitted by education to do it, 
and that was Alexander Graham Bell, because his father 
had from the earliest infancy of the younger man been a 
professor of visible speech. His profession was to teach 
dumb people to talk, and the younger man followed in 
his father's profession ; and it was that profession which 
led him to teach a dumb girl in Cambridge to talk ; and 
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it was that profession which led him into the way to 
make iron plates talk, which was, as Sir Wm. Thomson 
puts it into classical language later on, that if we could 
make anything talk at a distance, if we would transmit 
speech, electrically, we have to realize '' the mathematical 
conception that if electricity is to convey all the delica- 
cies of quality which distinguished articulate speech, the 
strength of its current must vary continuously, and as 
nearly as may be in simple proportion to the velocity of 
a particle of air engaged in constituting the sounds." 

That was the underlying discovery which made the 
telephone a reality, just as the invention of the condensa- 
tion of steam by Watt made the steam engine a reality. 

Prior to 1876 we had not many industrial applica- 
tions of electricity. Probably 80 per cent, of the persons 
interested in it were engaged in telegraphy, and the re- 
maining 20 per cent, was divided between instructors of 
youth and persons engaged in electrotyping and electro- 
plating. I think we should do all honor to the men 
who, largely by rule of thumb, it is true, carried on 
some of the grandest uses of electricity from almost the 
invention of the voltaic pile in 1800 until the present 
time, without knowing much about it, without any liter- 
ature on the subject, with only five text books up to the 
present time which touch upon it all, and yet who made 
that business a success. 

All that is changed. The civilized world glows with 
the illumination of electricity ; the electro-motor is abroad 
doing our work, and the long suffering car horse and 
mule are at last encouraged by the application of power 
to street railroads to believe that the day spring has 
visited them ; while 500,000 telephones in the United 
States, and as many more in other countries, attest the fact 
that people will and must talk. 

Those of you who know anything about the deeds 
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which sometimes may go on in rooms like this — those 
of you who know anything of capitular masonry, wnll 
agree with me when I say **this is a good work." 
(Applause.) 

But 1 wish to say more. I wish to say that all of 
this work which has been done is attributable to two 
things — a quality and a practice, enterprise and experi- 
mentation. There is no lack of the former in the United 
States, but I fear that we do not as yet fully appreciate 
the latter. It is impossible that I or any one can ever 
over-estimate the value of experiments. 

Those of you who have studied the story of elec- 
tricity and its triumphs well know how it was experi- 
ment that guided Orsted to the missing link between 
electricity and magnetism, which enabled Faraday to 
patiently fish out bit by bit the pieces of the puzzle com- 
posing the one department of electricity, which more 
than all others has made electrical illumination, traction 
and oral communication living realities — magneto-elec- 
tric induction. 

It was experiment that enabled Spencer, Jordan and 
Jacobi almost simultaneously to discover the art of elec- 
trotyping : and the Elkingtons with their associates 
about the s;ime time to introduce electroplating ; arts 
which useful from their inception have now become 
ornamental also, and which have put into the hands of 
true artists a ready means of reproducing the beautiful 
in a surpassingly beautiful way. It was experiment that 
carried Bell to the invention of the art and apparatus of 
teleplu>ny : and Thomson to the art of electric metal 
working. 

And looking at the other side of the case, it is equal- 
allv certain that it is the negUvt of experiment (which is 
our means of Ci>nversing with nature, asking questions of 
her and receiving her replies), and the neglect of reason- 
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ing based on experiment, which prevented electricity 
from advancing a single inch for the first 2,000 years of 
its history, from the time of Thales, the Ionic philoso- 
pher to the time of Gilbert the Elizabethan sage ; the 
founder of electricity as a science. 

We have heard it said that speech is silvern and that 
silence is golden ; and the recorded opinion of that great 
and ancient patron of mormonism and masonry. King 
Solomon, is, '' that a word fitly spoken is like apples of 
gold in pictures of silver ; " so we see that even on the 
subject of speech there is room for two opinions, but 
that the telephone was, and is an immensely valuable ad- 
junct to the American style of doing business, in which 
time is held to be a commodity of great value, none can 
doubt. 

It is now used over lines of lengths varying from a 
few yards to several hundred miles, and as a labor saving 
machine, has proved its right to exist. 

Whether it will ever be available for long submarine 
cable work, the future only can tell. All the indications 
of the case are that it will not ; but who can limit 
the possibilities of the future after having seen so many 
apparent impossibilities achieved. 

Such a possibility was contemplated even before the 
telephone itself had appeared. 

On December 29, 1868, at a banquet tendered to 
Professor Morse, the British Minister, then Edward 
Thornton, Esq., in responding to a National toast made 
this remarkable utterance : '' Should I have the good 
fortune to live to the age of the venerable Professor, I 
still hope to see some such improvement as will enable 
us to carry on a vwa voce conversation by means of the 
cable. We shall then have merchants on this side of the 
water discussing their affairs with those on the other side 
at so much a minute. We shall hear, perchance, of some 
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love-strickcn youth of London or Paris whispering soft 
ni>things along the cable to a bewitching siren of New 
York or Providence at so much an hour, she tempting 
him (Leander like) to throw himself into the gulf which 
separates them. We shall then have a statesman, and in 
these days of progress, possibly stateswoman, discussing 
international questions at so much a conference, and 
diplomatists will run a very good chance of being ex- 
ploded altogether/' 

1 have always wondered that somebody has not set 
Sir Edward up as an anticipatory inventor of the tele- 
phone. 

We find in Holy Writ that when the prophet stood 
on Mt. Sinai the manifestations of the proximity of the 
Divine Presence were, successively, a strong wind, a fire, 
and a still, small voice, and I rejoice to-day that the still, 
small voicx has been found worthy of being asked to take 
part side by side with the fire and the earthquake and the 
hurricane. ( Applause. ) 



The President : I have the honor to introduce to 
you one with whose fame and whose works you are all 
acquainted, and of whose achievements we are all of 
us proud. I speak of Professor Elihu Thomson, the man 
whom I believe to be the greatest living electrician. 
(Applause.) 

ARC LIGHTING— ELECTRIC WELDING. 



Prof. Thomson : I suppose I am to be called upon 
to-day to represent the fire, the earthquake and the 
hurricane. I feel that the vastriess of this representation 
is appalling. I will do a little toward such representa- 
tion, but I will make it rather mild, so that you need not 
fear the fire, the earthquake or the hurricane. 

We are here to celebrate the completion of the 'first 
ten years of the great industry of electric lighting — 
great now, but ten years ago very slight indeed. We 
are here also to recall circumstances, to recall incidents 
of our early experience in this industry and kindred 
industries. 

I will begin by recalling a few circumstances which 
happened to me in 1889 and which made a lasting im- 
pression. It was my privilege to visit the Royal Insti- 
tution in London and there inspect the original manu- 
script records made by Sir Humphrey Davy and by 
Faraday — the two great names, lying, as it were, at the 
foundation of the sign, at least, of electric lighting — to 
inspect also the apparatus and even to handle the appa- 
ratus which Faraday used in his early experiments. I can 
say that I did it reverently, undoubtedly. These two 
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names are coupled with the bej^^innings of our great in- 
dustry. Sir Humphrey Davy was the first man who 
ever saw^ the electric arc ; the first man who put two 
wires together tipped with carbon, drew them apart and 
got the flame which we now call the electric arc. He 
called it the electric arch, 1 believe, or an arch of flame. I 
saw the record of this original inscription, and the inscrip- 
tion in Davy's rapid hand that this was a gorgeous ex- 
periment. He did not, apparently, realize what it might 
come to as a gorgeous industry, as a splendid industry, 
to be established to flood the world with artificial sun- 
light, to utilize the stores of energy which are in the 
bow^els of the earth — taken out, put under the steam 
boiler in the form of coal, chemical action allowed to 
produce heat and, finally, to produce electricity and, as it 
were, turn back upon us the radiant energy of the sun 
which charmed on this planet probably millions of years 
ago. That is what we are doing. I say he did not real- 
ize that, probably ; but he simply admired the experi- 
ment from the scientific standpoint. His enthusiasm was 
that of the scientist and it is a worthy enthusiasm in all 
cases. The scientists may discover something which 
may not, at first, have the slightest connection with 
practice, but sooner or later, no matter what the idea, 
no matter what the discovery is, whether small or great 
in a scientific sense, I have full confidence that the time 
comes eventually when such discoveries are utilized in 
practical life as this discovery of Davy's was. 

It was quite a contrast — the difference between 
Davy's style of recording his experiments and F'araday's, 
and there is that contrast even to be seen in their w^ork. 
Davy was, as it were, brilliant, jumping from one thing 
to another and getting there by a great leap ; while 
Faraday's was the painstaking work of the scientific in- 
vestigator who thought out carefully what he was about. 



and, when he had concluded his experiments, wrote out 
just as carefully what he had obtained. The records of 
Faraday's are models of neatness, they are models of 
precision in every way. I recall this as a reminiscence. 
It is a late reminiscence, but it carries us back to the 
time when Faraday was at work in the discovery of the 
action of currents in magnetic fields. It is to Faraday 
that. we owe the discovery of the principle which under- 
lies the generation of current by the dynamo. It was 
he who moved armatures in magnetic fields. It was he 
who found that the magnet was capable, under proper 
conditions, of yielding currents. He was perfectly satis- 
fied to investigate that fact and the condition under 
which it occurred, and he expressed his confidence that 
the time would come in which these facts and principles 
which he was investigating purely from the scientific 
standpoint would be applied on a large scale in practice. 
He said it was not for him to do that, however ; there 
were others who would take up that work. 

Coming down to more recent periods after these in- 
vestments we find occasionally efforts made to employ 
these principles in procuring light, and one of the earliest 
was the running of a lighthouse by a magnetic machine 
constructed in accordance with the prmciples which 
Faraday discovered ; but it was a solitary instance for 
quite a number of years. Then came upon the scene 
M. Gramme with his wonderful dynamo machine, the 
elements of which were known before; in fact, were 
known when Faraday made his experiments and pub- 
lished them, were known in a crude way in other prior 
types of machine. In fact, the very principle on which 
the Gramme dynamo was founded were well known, but 
the construction of the machine was unique, and it was 
afterwards found indeed that this construction was, in 
the literature, due to Pacinotti, an Italian professor, but 
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it had rested in obscurity for a number of years. Gramme, 
however, constructed a machine which would produce 
electricity economically, and he applied it to the produc- 
tion of light by the electric arc. He was, perhaps, the 
first to time that impetus which resulted, in a few years, 
in a considerable expansion of dynamo electric machinery 
as applied to lighting. These experiments of Gramme 
were carried on for a few years. His machine, I think, 
was built about 1869, and it was not until five or ten 
years had gone by that the machine began to be known 
in the scientific world. I saw a small Gramme machine 
about 1874, and it was a strikingly excellent example of 
a dynamo. All we had to do was to turn a little crank 
and a wire was heated to bright incandescence, appar- 
ently with very moderate effort, showing that the econ- 
omy of the structure was high, that there was really very 
little waste, very little power being thrown away. 

One of my reminiscences is that I met M. Gramme 
in 1889 ^^ ^he Paris Exposition, and I found him to be 
a retiring, modest man who bore his honors very well 
indeed, but who had the peculiarity of never appearing 
in public when he could help it. It is very difficult they 
tell us, to get him out where he can be seen, and he only 
appeared on one occasion of the meeting of the Electri- 
cal Jury at the Exhibition. I think we should honor 
Gramme, not, perhaps, for the fact of his discovering a 
principle, but for the fact of producing for the first time, 
a type of dynamo which was really well adapted to use 
in the industries. Before his time there had been dis- 
covered an important principle in dynamos ; that is, that 
a dynamo could start itself— magnetize itself and furnish 
its own magnetic field, as we term it — the re-action princi- 
ple, it is called. Even this idea came only by degrees, 
and was finally elaborated by a number of observers 
about the same time, or very nearly the same time, but 
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even at the time this reaction principle was well worked 
out, the machine was not such a structure as Gramme 
produced. 

Leading on from Gramme's time, we find the Cen- 
tennial Exhibition, and there we find in the exhibition 
an exhibit of Gramme apparatus, and this exhibit cer- 
tainly showed some remarkable advances. There were 
arc lamps in operation, but there was also a little exhibit 
which was a very striking one ; two Gramme machines, 
one driven by a belt and connected to the other, the 
other driven by the current developed by the first 
machine and working a little pump, producing, as it 
were, a miniature cataract of water ; a very striking ex- 
periment indeed, and one which we now see applied on 
a large scale in the transmission of power. We had in 
that experiment the production of electricity from steam 
power, its conveyance by a wire only lo or 15 feet across 
the space reserved for the Gramme exhibit, and we had 
the machine pumping water and producing a miniature 
waterfall. We sometimes reverse that process now. 
We have the waterfall and we turn the machine, then 
we carry the current a distance and we take the power, 
put it on a belt and use it to drive our machinery. 
These are precious reminiscences. They show us the 
beginning of the great industries which are now develop- 
ing. 

I took up the subject myself of investigating dynamo 

machines about the year 1874, and began the construction 
of small models. My attention had always been drawn 
strongly toward the electrical fields, and it might be of 
interest now to recount some of the difficulties experi- 
enced in the early days. I must not leave out here that 
the Gramme apparatus was not the only machinery de- 
voted to electric lighting which was found at the Cen- 
tennial Exhibition. An enterprising American firm. 
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VVallact* & Sons, had constructed machinery known as 
ihf Wallace foundrv machine, l)ased on the ideas of 
Professor 1^'armer. the venerable electrician, and they 
applied these machines in the Centennial to the light- 
inj» of the ground at nij^ht, and the lighting of 
Machinery Hall, in part, and the whole exhibit of the 
Wallace- l^irmer machine, and the apparatus showed that 
we had in our own country the nucleus of an expanding 
s\ stiin, had it been pushed and caused to progress as the 
I iranune machine had. Kven the machinery shown by 
the Wallace people was, some of it, more advanced in 
typi' than the (iramme apparatus. 

iMom this time we fmd the arc growing by degrees. 
We tind that in 1S78 the Jablochkoflf candle is light- 
ing streets of Paris, the arc lamp, for the Jablochkoff 
candle is only a form of the arc lamp. We find along 
the two sides of the Avenue de L/Opera a system which 
had, however, a comparatively short life on account of 
its expense. The lights were certainly very beautiful. 
The f^uis l\x[K)siti<.>n of 1S7S showed this apparatus in 
use. and alongside the Jablochkoff exhibit I remember 
distinctly seeing the ice machine of Fictet turning out 
tons of ice daily b\ steam power in the same room with 
the jablochkoff exhibits, and Pictet was at that time 
well known, on account of the fact that he had liquefied 
those gases which formerly had been regarded as incap- 
able of being liqucticd. lie w-as the man w^ho put such 
piessurc and cold to bear on oxygen, nitrogen, and other 
gases which up to that time had been regarded as Pictefs 
gases, I hat thev were turned into liquids, and even 
h>diogen, ihe thinnest of them all, had yielded to his 
pel suasion. 

I o li'count my own experience in electric lighting, I 
budt a small dynanu) about 1870 which would run an arc 
light. It was my Inst attempt at a machine of that size. 
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It was successful and it led to the construction of other 
dynamos. When we came to the commercial end of the 
business, which began somewhere in 1878 and 1879, we 
found it was not enough — not by any means, to build a 
machine to run a light. There were difficulties to be 
overcome, and not the least of those was the getting of 
steady power to run the machine. I could tell story 
after story of the discomfortures depending largely on 
the absence of steady power or the presence of unsteady 
power. I remember distinctly that our first machine 
that was intended to be a commercial machine, and, in 
fact, the first machine which embodies the principle used 
in the Thomson-Houston arc apparatus — the three coil 
armature — was a machine capable of running four to 
eight lights in series. In fact, the three coil construc- 
tion had never been used in any machine before, and this 
machine was a large machine. I remember distinctly 
that when the machine was put up for the first time — I 
had wound every inch of wire myself and insulated the 
whole thing myself — the machine was elevated on a planer 
bed in the little shop in Philadelphia where it was made, 
and the belt from the engine, which they called a 10 
horse power engine, but 1 do not think it was more than 
five, was put on the machine, and it was found necessary 
to tighten up the belt back to the engine. The machine 
could only be driven at a very moderate speed, and it 
astonished the machinists around to see how a thing 
which apparently did not touch anything in revolving, 
could use up so much power. Everybody was confident, 
they were all confident, those that had anything to do 
with the construction of the machine, that that w^ould not 
take anything, that that engine would do it, that it would 
run a dozen machines. There was nothing to do but turn 
that machine around in air. 

Another incident, in this same connection, I may 
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mention ; it is rather an amusing one. We had got into 
making two or three machines in a small shop in Phila- 
delphia, and a man came from the other side of the street, 
where he had a small establishment, and he said he had 
just the motor for the machine. He put his foot on the 
pulley of the dynamo on the floor and pushed it around. 
He said, *' I have just got the thing that will drive that 
machine." I asked him what it was. He said, " I make 
a little sewing machine motor that runs sewing machines 
very nicely ; why do you put such a big pulley on that 
machine ? " I told him that if he would come in some- 
time when we were running the machine we would show 
him why the big pulley was on. He did come in later 
when the machine was under power. The power was a 
very bad power. It was so poor, I found that the crown 
sheet of the boiler had been burned out after testing the 
machine, and the whole contents of the boiler had es- 
caped into the fire-box. Fortunately there was no ex- 
plosion and nobody was hurt. He came in and saw this 
machine operating with a big pulley ; the belt on the one 
side being tight, the other side comparatively loose, and 
they showed him that by pushing the machine up and 
tightening it, it did not make much difference. There 
was still the pull there, and he was very much puzzled, 
indeed. He looked the machine all over and all around, 
to see if there was anything rubbing between the arma- 
ture and the field, and he went away and said he could 
not understand it. He came to me a few days later and 
said he had got it now ; he understood it all perfectly. 
I said, **What have you made out of it?" ''Oh," he 
said, '* I see it ; that machine makes electricity in a glob- 
ular form, like globular lightning, and when it gets hold 
of that machine it just holds it there." (Laughter.) 

In starting our arc light experience, our first appa- 
ratus, our first machine, the one I spoke of as being 
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mounted on a planer bed and finding such difficulty to 
drive it, was put up in a bakery in Philadelphia, where it 
was used all night and it was rather tenderly nursed by us. 
We had to be up there nights giving it as close attention 
as many babies require. Sometimes we were up all night 
attending to this baby, and under conditions which were 
not altogether agreeable in mid-summer either, because, 
as you know, bakeries require pretty large ovens, and 
there is a good deal of waste heat about. The tempera- 
ture by the thermometer in the room was frequently 140, 
and to live in that all night was somewhat difficult, as 
you may know. Well, I found that I could only do it by 
doing one thing ? That is, I used ice water in excess. 
They tell us we must not drink ice water, but I must say 
that ice water saved me there. I believe in ice water on 
a proper occasion. (Laughter.) The two parties that 
were working with me. Professor Houston and a gen- 
tleman named Mr. McCollin, who was somewhat inter- 
ested In the development of the lighting apparatus, 
thought I would kill myself if I stuck to ice water. 
They did not recommend anything else. I told them if 
'they did not stick to ice water they would find they 
would be the ones who would suffer. We were work- 
ing the machine for some few days in this high tempera- 
ture in mid-summer, when both came around one day, 
and one said, '' I have been rather sick. I cannot stand 
this much more ; " and the other said, '' I feel so, too ; 
I have got symptoms of sunstroke, I cannot stand it." 
I said, '' I told you so ; if you had stuck to ice water you 
would have been saved." I certainly kept my tempera- 
ture within limits, but I had to suffer for it in other ways; 
the perspiration dripping through every pore, and the 
ice water no sooner entered my system than it was out 
again through every pore in my body. I stood the 
racket, however, and came out unscathed. 
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We then found that parties were interested in the 
development of electric lighting and at last a company 
was organized which is now the Thomson-Houston 
Electric Company. It was organized in a modest way 
in the little town of New Britain, Connecticut, where I 
removed. I had previously been teaching in Philadel- 
phia in the High Schools, and I became electrician of 
this small company. Before it was organized, an exhibit 
of apparatus was made at New Britain in a basket shop, 
as they called it — an old wooden building used at one 
time to make baskets — and there happened to be old 
machinery in the shop for the former use of basket mak- 
ing. It was turned into an electrical exhibition; that is 
what it amounted to. The lamps were scattered around 
the building. There was an adjoining building with a 
motor which was driven by a current supplied from the 
main building ; there was an engine which had the hard- 
est work to furnish power, and the man in charge told 
me one day that the steam was getting down on him, 
and he had taken a lot of those basket machines and 
burned them ; and he asked me what I thought about it. 
I said it was all right so long as he kept the lights going. 
But I have no doubt that many of you in your early ex- 
perience of electric lighting recall incidents somewhat 
akin to feeding hogs into the furnaces on Mississippi 
steamers, in order to keep up steam. There was need at 
that time of something more inflammable than coal, espe- 
cially when the steam pressure gauge was going dowm at 
a lively rate. There was no let. up in the dynamo. The 
dynamo must exert its back pressure. It has a certain 
current and a certain torque, and if we are using steam 
at sixty pounds we may be able to keep the thing going, 
but if we are using steam at forty pounds we are on the 
ragged edge of despair very soon, and we are forced to 
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take heroic measures, even if it does mean the sacrifice 
of a lot of basket machines. 

These were the beginnings of our experience. We 
soon got into another shop at New Britain and began 
the making of apparatus for commercial use. Even 
here we had the difficulty of power ; steady power was 
what we wanted, in order to be enabled to tell what we 
were doing, and I have no doubt that all those who had 
experience in the early days with electric lighting felt the 
necessities that we felt. But if anything has done more 
than another thing to develop the steam engine it has 
been the electric lighting. I think the steam engineer- 
ing business owes as much of its present development to 
electric lighting as to anything else, in fact, owes all of 
it nearly. The engines which were good enough to 
drive mill machinery and to drive ordinary machinery, 
whether the speed ran up or down, were not good 
enough to keep a steady glow in the lamp. They 
were not good enough to keep up just the same 
pressure and just the same volume of current under the 
conditions of practice, and the engine builders soon dis- 
covered that that was the case, and I may say that we 
have here in Providence the representatives of some of 
the most progressive engineers, who were the first to 
recognize the fact that the old style engines were not 
altogether the best suited for electric works — the Arm- 
ington and Sims people. 

After we got into operation our difficulties were not 
by any means over. We had to develop all sorts of 
devices, we had to overcome difficulties which were con- 
stantly arising to discourage us and dishearten us, but, by 
keeping at it, we finally succeeded in getting our 
apparatus where it could be taken care of by an ordinary 
man ; where, 'in other Words, we could put it in a factorv 

9 



114 

or in a station and not require a highly skilled electrician 
to look after it. 

When this was accomplished, we were met by other 
reverses. The Brush Company saw our beginnings of 
success. They were then the chief parties in the field of 
arc lighting. They bought up the majority interests in 
our little company in New Britain, apparently for the 
purpose of swallowing us and laying us on the shelf, to 
use a common expression. Subsequently, however, in 
the same year certain parties in Lynn purchased the 
majority interest in the stock of what was then the 
American Electric Company, of New Britain, and started 
operations in Lynn. The Brush Company, I may say, 
as you are probably aware, now has been swallowed up 
by this infant that thev tried to swallow. Such is fate. 
(Laughter.) 

I need not prolong this statement much further. I 
have merely to sav, what vou all know, that we have 
supremest confidence in the expansion of the electric in- 
dustries. We are absolutely certain that our business is 
going to be greater and greater as time goes on. We are 
sure that we are living in an electric age, and, I may say, 
that we look to you, gentlemen of the National Electric 
Light AssiKiation, and we are ready to state our obliga- 
tions to you fully for that which has made it possible for 
us to carry i>n our works for the commercial expansion. 
We UH>k to ViHi to stx^ that the countn* is covered with 
plants. Vou have done noble work in the past. You 
have di>ne mort^ than the jxx^ple fully realize, in standing 
at the times when disci>uragements came, at the times 
when things weiv ni>t aUi>gt"ther as bright as they might 
U\ in fact Avhen the lights were not as bright as they might 
U\ or as stead v as thev mi^ht Ih^ — in standinsr in the 
brvach with us and oveaxmiinsr the difficultv — with vou 
it was the vUthctdties v>f cv>mmercial exploitation, the 
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systematizing of those things which concern station 
operations and commercial developments. For our- 
selves, we have had to overcome difficulties, and to pro- 
vide for this and that in the wav of invention and 
development to manufacture. The work will go on 
progressively. We have calls now, to-day, for dynamos 
up to 500 to 1,000 horse-power, where a few years ago 
we thought it would be an unusual thing, it was indeed 
an unusual thing to have 100 or 150 or 200 horse power 
machines spoken of, and it looks very much as though in 
the near future machines of much larger capacity would 
be demanded for electric installations. 

I am down on the programme to-day to say some- 
thing about electric welding. I was going to say here 
that I did not know exactly when that art was discovered, 
and that I believe that the formation of the National 
Electric Light Association was one of the steps in the 
process, figuratively speaking. (Applause.) It is grati- 
fying, indeed, to see the electric welding operation going 
on here. These meetings undoubtedly bring together 
and harmonize the various members of the electric light 
fraternity, the men who produce the machines and appa- 
ratus and carry on the manufacture and the men who 
use them in commerce. Our interests are undoubtedly 
common. Our interest is to produce the best that can 
be had and to use it in the best way possible. 

Coming now to the actual, not the figurative, electric 
welding, I may say that my time has been largely given 
lately to electric light matters, rather than to welding. 
It was my fortune to come upon the fact, and develop 
the fact, that metals could be worked, welded especially, 
and so on, by electrical heating and to apply it in practice. 

The art is a growing one and quite a number of ma- 
chines are now in active operation doing this kind of 
work. 
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I may touch here upon a matter of interest which is 
akin to electric welding, and that is, the general subject 
of electric heating. We are sometimes asked the ques- 
tion as to whether it will ever be possible to heat our 
houses by electricity, whether heating this, that and the 
other, can be done. I should answer that question as 1 
have done frequently. It is not at all likely that we will 
ever heat extensively by electricity, unless we can find 
some way of converting the energy of coal into electric- 
ity far more directly and less wastefully than is done in 
steam engines of the present day. When we consider 
that under the very best conditions, with the very best en- 
gines, we can realize only a small percentage, ten per cent., 
perhaps, of the energy of the coal, the heapng energy of 
the coal, in electricity and that when we turn that ten 
per cent, of electricity into heat we simply get nothing 
more than ten per cent, (that is the most we can get, and 
we generally get a little less), due to waste here and there, 
it is evident that we cannot afford — it is not likely 
that we can afford — to burn nine pounds of coal to get 
the heating effect of one pound of coal, whereas, by 
burning the coal directly, near at hand, we can use the 
heat directly and in almost full amounts. I noticed that 
a part of the discussion yesterday, as reported, was the 
utilization of the waste steam from the electric light plant 
for heating purposes, and, indeed, that seems to be a 
direction in which much valuable work can be done. 
There you have got through, as it were, with the steam ; 
you have got all the power you can get out of it, or 
nearly all, and you have got an immense amount of heat 
left which is good enough for general heating purposes. 
There is a' case, of course, where we can combine the 
two, not developing the heat by electricity, but rather 
taking the heat that is left over after we have got our 
electricity and using it for heating ; but, of course, ex- 



haust steam does not apply to special cases where the 
heat is required to be very high. In that case, we may 
find a moderate expansion of electrical application, as in 
cooking on a limited scale. It is so simple a matter to 
turn on a current and turn it off, getting a moderately 
high temperature out of the resistance through which 
the current passes, that there is not any question in my 
mind but what there is to be a considerable expansion 
of heating apparatus worked electrically, where the con- 
ditions of economy are not so pressing as in the case 
that I have mentioned in general heating. 

I might close my remarks by simply stating, that, in 
regard to the electric railway, I hope indeed to live to 
see the time when some of our larger roads will be in 
operation, as they should be and can be, by electricity. 
I hope, also, that the time may come when we shall have 
at our command an easy direct method of obtaining 
electricity from fuel. That is the great cry nowadays, 
can we burn coal and obtain electricity directly from the 
coal without going through the steam engine and boiler, 
which must involve a great loss. It almost seems, from 
all that we who are actively engaged in looking up mat- 
ters in this connection can say, it almost seems to us that 
we must wait for some new discovery, for another 
Faraday to come forward and show us principles which 
are not now known ; some relation between electric 
energy and heat energy, whereby we can convert even 
35 or 40 per cent., we will be satisfied with that, of 
the heat energy into the electric energy. We hope it 
may be so. But look what it means if such a thing 
should come about. Our electrical industries to-day 
w^ould be of pecunious character. The steam engine 
would disappear. The steam locomotive would dis- 
appear. The steamship would be propelled no longer by 
the steam boiler, and the burning of fuel under a steam 
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boiler. That fuel would be burned, undoubtedly. We 
should have to rely on the use of fuel in one way or 
another, but it would be burnt to produce currents. 
The apparatus which would propel the steamship w^ould 
not be a steam engine with its reciprocating motions and 
its racking strain, but it would be that quiet rotary 
motion which characterizes the modern electric motor. 
It is not at all impossible to construct machines of that 
kind which would work up to many thousands of horse 
power, and thereby parallel the modern steam engine 
which is used on all steamship lines. 

Thanking you for your attention, I conclude my 
remarks. (Applause. ) 

DISCUSSION. 

Mr. Weeks : While listening to the delightfully 
frank and pleasant expressions of experience this morn- 
ing, it occurred to me that it might be of interest to the 
Convention to know that in Kansas City, where is located 
the oldest Thomson-Houston central station, we are still 
operating some of the original lo light machines, built 
by the original American Electric Company in the old 
factory in New Britain, of which Professor Thomson 
has told you. Using the metaphor of the gentleman 
from Boston, it might also be interesting to the Conven- 
tion to hear me state, that equipped with that tackle, for 
which, by the way, we paid right handsomely (laughter), 
we did not come home, and we do not stand before you 
to-day, with an empty swing. (Applause.) 

The President : I presume that that was the ma- 
chine that they burnt the basket apparatus up to test. 



The President : One of the most important 
branches of our industry, one that has enlisted energy 
and capital to a very great extent in the last three or four 
years, is that of propelling our street cars by electricity. 
We have with us this morning, and I take pleasure in 
presenting him, Mr. F. H. Monks, of the West End 
Electric Railway Company, of Boston, who are actually 
operating more miles than any other system in the 
country. 

ELECTRIC RAILROADS. 



Mr. Monks : Mr. President, ladies and gentlemen : 
As late as yesterday afternoon 1 was requested by Mr. 
Whitney, the President of the West End Street Railway, 
of Boston, to appear hear to-day to represent the com- 
pany before this Convention. I must beg your indulg- 
ence at the outset, by reason of lack of time, for any 
preparation of extended remarks. The business of 
electric street railroading has no glorious history like 
that of the telephone, the telegraph, or the electric light. 
We have but a meagre record up to date. We are yet 
in our infancy, and we expect to live more in what we 
might call a glorious future. The records show that 
in 1835, Davenport, of Vermont, exhibited in Boston an 
electrical locomotive. That, I believe, is the first record 
of any electrically propelled machine of any kind. In 
1848, Farmer showed a locomotive with a car attached, 
which was capable of carrying one or two persons. In 
1852, Congress appropriated $30,000, and the money 
was expended by Prof. Charles G. Page, who experimented 
with an electric locomotive, using batteries of the Grove 
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type. The experiment was only partially successful and 
the work was soon discontinued. In 1850, Thomas 
Hall, of Boston, made an electrical locomotive which 
was exhibited at the Mechanics* Charitable Association 
Fair in Ouincy Hall. It was at that time the marvel of 
the day. But few understood it, and it was looked upon 
with wonder. In i860, Hall exhibited an improvement 
upon his previous locomotive. It ran upon a circular 
track, and gave real evidence of a practical every day 
machine. It w^as named the Volta, and, I think, is yet 
in existence. As we all know% Siemens used a third rail 
for moving an electric locomotive in Berlin, in 1875. 
At Scranton, Pa., we find that there wxre three cars run 
in the spring of 1887, ^^^^h motors on the front platform. 
The first road, perhaps, to be operated on any extensive 
scale was at Richmond, Va., which started operation 
under the Sprague system, in the spring of 1888. Be- 
fore the close of the year 1888 some 40 cars were in 
operation. That, practically, brings us up to to-day. 
That is practically the history — all the history — of electric 
street railroads. Therefore, as I say, we are living to-day 
more in expectation of what the future may have in store 
for us, than in any glorious past. 

I have been told by Mr. Foote, your secretary, that 
this a meeting at which reminiscences may be indulged 
in, and, therefore, I speak of the time when I first went 
to Richmond, in the spring of 1888. It was in May of 
that year that I first went there, and there I received my 
baptism, as it were, in regard to electricity. I am in no 
wise an expert in regard to the matter of electricity, nor 
am I scientific in that sense. I simply have to do with 
practical operations of roads. But I was very greatly 
impressed when 1 went to Richmond, and I became 
thoroughly convinced, when 1 saw what was being done 
by Mr. Sprague and his fellow officers in the company 
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there, that we were just entering upon the threshold of 
a new era in regard to the matter of street railroading 
which promised magnificent results. 

1 went afterwards to Jamaica, in Long Island, and I 
saw there what is known as a double overhead wire trol- 
ley system. It was a very curious sight to me then, and 
would be, undoubtedly, now. The road-bed was a very 
poor one. It was very much out of order. The cars 
were very much worn and dilapidated, and the whole 
thing might be looked upon in the light of a by-word in 
street railroads. I noticed that the road-bed was in 
shocking bad shape, that it was difficult for anybody to 
keep in his seat, and I noticed that on the back platform 
of the car were carried sundry and divers pieces of rail, and, 
upon asking their use, I found that the conductor used 
them to jump the car on the track when it jumped off, 
as it frequently did. I noticed again, too, that very 
nearly, if not quite, all the windows in the car were 
broken, and, upon inquiry, I found that the overhead line 
was in such bad order that the trolleys weie continually 
falling off and coming down on the sides of the car, and 
breaking all the windows in that way. I went up to the 
middle of the line, where the superintendent's office was, 
and I went upstairs into a room which had a conglom- 
eration of all sorts of street railway appliances that had 
been put there during a great many years. I saw on one 
side of the window a salt box with a drum head cover to 
it. It was a curious looking thing, and I asked the 
superintendent what it was there for. *' Oh," he said, 
*' that is my telephone. I have that attached to the wire 
outside and I can hear, as I sit at my desk writing, the 
car coming along the line, and if it goes off the track I 
know it, and then I go down there and help them put it 
on." (Laughter.) As a matter of fact, in a few mo- 
ments after that I commenced to hear a confused sound 
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in the telephone, very much the same as if a small boy 
was in the next room hammering tacks into the floor, 
and it continued for some time. I said, " I suppose that 
is the car coming." The superintendent said, ** Yes, that 
is the car." It grew louder and louder. I finally said, 
'* She seems to be making noise enough." •' Yes," said 
he, '*but she is all right ; I can tell when she is off^ the 
track. You need not fear." 

I also saw a primitive road at one time in Bingham- 
ton, in New York State, where they had a single over- 
head trolley system. Of course, those things now are 
matters of past history, and we come to what is the elec- 
tric railroad of to-day. Perhaps, before that, I might 
speak of the matter of the introduction of electricity 
from street railways in Boston. 

On the first day of January, 1889, after several months 
of preparation, the first electric car was started under the 
Sprague system, and later, the Thomas-Houston system 
put in operation in Cambridge. Since that time there 
has been no backward step, and there have been con- 
tinued and renewed expressions of opinion, both by the 
officials of the company and by the public generally, of 
confidence in the system of propulsion of street cars by 
electricity. Sundry and divers experiments have been 
made in regard to the matter of storage batteries. Those 
you probably are all familiar with. Perhaps, there is no 
ignis fatutis on the face of the earth which is so seduc- 
tive to the street railway man as the idea of a storage 
battery. But it is an ignis fatuus up to date. We have 
never been able to see anything in it. We have always 
found that it led us on some wild goose chase. To-day 
we felt very much as if we had a mind to go fishing, and 
we started and bought a $50,000 outfit, and we went 
down to the stream where we supposed the fish ought to 
be. On the way we met several of our friends and 



neighbors who were returning, each with his fishing 
equipment on his shoulder, and we say to one, '* Have 
you been fishing?" *'Yes." ** How much did your 
equipment cost you ? " Well, one man says, $5,000 ; 
another man says $50,000 ; another man says $250,000, 
and another man says $1,000,000. Well, we say, *'That 
looks like a pretty expensive outfit; did you catch any 
fish ?" ** Well, no, we didn't catch a fish, but we had a 
bite." And that is about where we are with storage bat- 
teries to-day. 

We have had our difficulties in Boston, of course, but 
we have also a glorious history to record in regard to what 
we have done. Last Summer, during the visit of the 
Grand Army to Boston, we carried on our entire system 
3,000,000 of passengers in one week, and out of the 
3,000,000 we carried more than 1,000,000 on our elec- 
tric cars in one week, and that without the slightest 
hitch of any kind,without any trip being missed and with- 
out any person being injured in any degree. (Applause.) 
At present, we have 60 miles of electric track with some- 
thing over 300 cars. We are running about 18,000 miles 
a day, electrically, or about three-quarters of the distance 
around the globe, and we are carrying from 100,000 to 
125,000 passengers by electricity. The experiment, if 
such it may be called at this late date, in Boston has 
passed to a stage where the public not only consents to 
its extension, but actually demands it. From all the 
quarters, and we cover a very large area, having some 
260 miles of track out through the populous towns and 
cities surrounding Boston, we have constant demands 
and repeated demands, and urgent demands, for the im- 
mediate introduction of the electric system, so that where 
it has been a matter of grave and great difficulty here to 
pacify the public mind respecting the matter of introduc- 
tion of electric roads, with us in Boston it becomes now, 
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simply a question of not getting in too quickly, too fast. 
I mean in the sense of saving ourselves the investment 
of a large amount of money in machinery, which, next 
month or next year, may be regarded as inadequate. 
But after all is said and done, we are but in our experi- 
mental stage, we are in our infancy. Much remains to 
be done by the electric companies in regard to the im- 
provement in motors. Much remains to be done by the 
electric companies in the way of cheapening their product 
so as to give it to the railway companies at a very de- 
cidedly cheaper price that it can be sold to-day. Much 
remains to be done to perfect the system in regard to the 
proper form of car to be used, in regard to the proper 
form of rail to be used, and a thousand and one details 
remain to be perfected in order to make an electric sys- 
tem in a metropolitan city a great success. They say, 
there is nothing new under the sun, and, therefore, some- 
times we are forced to go back to first principles in order 
to determine the best way to conduct our business to- 
day. Having given the subject careful consideration, I 
am very strongly of the opinion, and my opinion 
is strengthened with the lapse of time, that the future 
electric street railroad will not use its motors under 
the car. I do not believe that it is possible for a 
motor to be built to be used under the car which will 
give that degree of life and duration which the rough 
and hard and tough usage of a street railroad is bound 
to impose. 1 think, on the other hand, that the electri- 
cal locomotive or motor car is going to be the Moses 
which will lead us into promised land. For many reasons 
the electric locomotive is decidedly preferable to the use 
of motors under a car. The first one, and perhaps the 
moHt important, is the fact, that in Boston, in Provi- 
dence, in Worcester, in fact, all the large New England 
ekieti, a double equipment of cars is needed. We need 



motor cars for Winter use. We need motor cars for 
Summer use. What we want to find in the practical 
ends of the business, is a medium, or force, or power, 
which will enable us to draw our box car on the morning 
of the fourth day of July, when it is cold and rainy, and 
to use the same force or power to draw^ our open car in 
the afternoon of the same day, when it comes out fine 
and beautiful, and the thermometer registers 70 degrees. 
The present type of motor car, which is now so widely 
known, does not give us those opportunities, and I doubt 
very much whether any street railroad can afford to go 
into the problem of buying electrical motors, with all the 
electric machinery incident thereto, for two equipments, 
one for the box car and one for the open car. 

As I have said, gentlemen, I very greatly regret that 
I am unable to give you a long and glorious history of 
many incidents connected with this business. I am listen- 
ing here to-day with a great deal of interest, and learning 
a great deal in regard to the matter of electric science, 
and I know that in Boston we are exceedingly anxious 
in every way to improve our electrical service, and all I 
have' to say to you, gentlemen, is, that, while you have a 
big field, a large field in regard to the matter of 
electric lighting, in regard to the matter of tel- 
egraphy, telephony and other things, yet, at the same 
time, there is a great field for you in regard to the matter 
of street railway work, and when you will come to us 
with a truly practical scheme whereby we can avoid this 
double motor business, whereby you can give us some- 
thing that we can depend on to work every day through 
365 days in the year, we shall meet you with open arms. 
(Applause.) 



The President : I take pleasure in introducing to 
you this morning Professor J. Elfreth Watkins, curator 
of Engineering at the Smithsonian Institute in Washing- 
ton, who will read a paper on the place of Electrical In- 
vention and Development in History. 

THE PLACE OF ELECTRICAL INVENTION AND 

DEVELOPMENT IN HISTORY. 



Professor Watkins : Coming from the Smithso- 
nian Institute, I bear to you a message from the Daugh- 
ters (the only descendants) of its first Secretary, Joseph 
Henry, a message of gratitude for the honor conferred 
upon the memory of their father by giving his name to 
the unit of self-induction. 

And the honor is more highly appreciated from the 
fact that this is the first time in electrical history that 
the name of an American has been given to a unit in 
electrical nomenclature. 

In considering the place of the electrical industries 
in history it has seemed advisable to discuss the question, 
relatively, by comparing the recent progress made in the 
practical application of this new power (electricity) in 
the useful arts and manufactures with that made during 
the last two centuries in the utilization of steam, which, 
a few years ago, was considered the greatest of the gen- 
erated forces. 

The year 1 890 marked the bi-centennial anniversary of 
an event of the greatest importance in the history of me- 
chanical engineering. 

In August, 1690, Denis Papin published his celebra- 
ted memoir,* entitled, *'A New Way to obtain Very 

*Acta Eruditorium, Anno [6go, p. 410-414. 
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Great Motive Power at Small Cost," in which the pro- 
duction of a vacuum under a piston, by the condensation 
of steam, is described for the first time. 

The present year (1891) is the centennial anniver- 
sary of the granting of patents to Fitch, Rumsey and 
John Stevens, for the application of steam to boat pro- 
pulsion. 

During the 100 years that intervened between these 
two important events, the steam engine, invented and im- 
proved at the hands of Savory, Newcomen, Hornblower 
and Watt, had been made commercially successful, and 
the statesmen and political economists of every progress- 
ive nation believed that the new motive power was to be 
the prime factor in developing the resources of every 
civilized country. 

During the decade of the i8th century (i 780-1 790) 
which corresponds to the ten years of the 19th through 
which we have just passed — the decade so rich in the 
progress of electrical science, the conclusion of which 
we are assembled to celebrate — the engine works of 
Boulton and Watt, at Soho, occupied a position in the 
public mind similar to that of the laboratories of Edison 
at Menlo Park and of Bell at Washington, in recent 
years. 

For the next half century (i 790-1840) inventive 
thought throughout the world was directed to the 
solution of the problems of steam navigation and 
steam locomotion, the results of which will cause the 
Cler7no7ity the Phoenix, the Savannah, the Sirius and the 
Great Western, and the names of the two Stevenses, 
Fulton and Ericsson, Trevithick and the two Stephen- 
sons, Hackworth, Jarvis, Allen and Baldwin, to be re- 
membered through all. time. 

The men whose genius taught us how to combine 
fire and water to drain the mine, to forge the shaft, to 
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propel the ship, to haul the train, to drive the loom — 
have long been regarded as the greatest benefactors of 
the human race. 

The origin and development of steam engineering 
mark an epoch which has thus far been considered the 
most important in the record of human achievement. 
Shall electrical engineering occupy an equally important 
place in history ? 

The year 1891 also marks the centennial anniversary 
of Galvani's great discovery ; and the 

Ninetieth of the publication by Volta of the princi- 
ples of what has since been known as the voltaic pile ; 
the 

Seventieth of Faraday's discovery (December 25, 
1 821) that an electric current can induce another in a 
different circuit, making it possible to produce continu- 
ous motion by electricity ; the 

Sixtieth since Henry produced *' motion by a little 
machine by magnetic attraction and repulsion," the 
principles of which had *' never before been applied in 
mechanics" ; and the 

Fiftieth of the granting of the patent to Morse for 
the electro-magnetic system of telegraphy ; and the 

Fortieth of Professor Page's experiment with an 
electric locomotive driven by primary batteries on the 
Baltimore and Ohio Railroad ; the 

Thirtieth of the invention of the Siemens armature ; 
the 

Twentieth of the completion of Gramme's first arc 
light machine ; and the 

Tenth of the application of the electric current to 
car propulsion from an overhead wire, by Dr. Finney, 
of Pittsburgh ; and the 

Tenth of the establishment of electric lighting as an 
industry in the United States. 
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It seems remarkable that these important events 
should have occurred at intervals of centuries and dec- 
ades. Truly the year 1891 is an important milestone 
in the progress of electrical science. 

From the lips of men eminent in the principal 
branches of electrical industry, you have heard how the 
great departments which they represent originated, and 
how they have grown in public usefulness and in com- 
mercial importance. 

No words of mine can add to the fame of Henry 
the discoverer. Vail the inventor and Morse the pro- 
moter ; the great triumvirate who gave to the world 
the magnetic telegraph, the Ariel of the nineteenth 
century, bearing hourly tidings from every quarter of 
the globe. 

Pioneers in the field of invention and improvement 
of the telephone have already spoken of this great branch 
of electrical industry, the time and labor saver w^hich 
has done so much to add to the comfort and convenience 
of the home, the office and the workshop, and the per- 
fection of which enables us to converse over long 
distances, permitting husband and wife, mother and son, 
lovers and friends, to hear the sound of familiar voices of 
those hundreds of miles away. 

Ten years ago I sat in the little park on the i\merican 
side of the Falls of Niagara, which w^as, for the first time, 
lighted by arc lights, the dynamo for which was driven 
by a water wheel under the Falls. I am told that the 
success of that experiment was what started men to 
thinking, ultimately resulting in the capitalization of the 
great company that is preparing to utilize this immense 
water power which for centuries has been going to 
w^aste. 

Five years ago I stood on the banks of the River 

Bush, in Ireland, and saw a turbine water wheel turn the 
10 
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dynamo which furnished electricity for what was then 
the longest electrical railway in the world. Afways ac- 
customed to associate the consumption of carbon with 
locomotion, the utilization of a waterfall to drive a train 
seemed almost to border upon the miraculous. The 
possibilities of using the abandoned water power of this 
country for making light and driv ing trains, w^hen fuel 
shall become scarce, which then dawned upon me, has 
grown in importance with the succeeding years. 

The electrical industries are called into service in 
every branch of human labor. If we visit the farm,* 
we see the electric motor applied to the threshing ma- 
chine : while telpherage is found to be an economical 
means of collecting and transporting grain and farm pro- 
duce from the field to the store-house and raihvay station. 
One progressive farmer, controlling thousands of acres, 
sits at his desk and gives directions by telephone to 
overseers stationed at different points on his immense 
farm. 

Who can tell what influence the discovery of Sir 
William Siemens, that about two candle power per 
square foot diffused by the arc light is sufficient to re- 
place the sun in its action upon plant life, may have in 
the future upon tioriculture and horticulture in the land 
of short davs and long dismal nig^hts ? 

If we enter the mine, we find the tunnels and gang- 
ways lighted by electric light, the electric drill is at 
work in the heading, the electric fan produces ventila- 
tion, and the electric locomotive collects the coal or ore 
from the miners in the chamber, and delivers it without 
heat or smoke to the steam railway for transportation. 

If we sail upon the sea. our ship is guided by the 
magnetic needle and steered bv electric gear ; we see the 



*C)nc ot ihc first appliciitions of the electric motor was for a plow in 
France. 
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sub-marine torpedo boat propelled by electricity ; in the 
light-house burns the electric beacon ; the electric search- 
light protects us from collision in the darkness and the 
fog ; while electricity is put to a hundred other uses on 
shipboard. 

Upon the land we find in the United States alone 
(over 2,000 miles) enough electrical railroads in opera- 
tion to reach from New York to Salt Lake City, if 
placed in one continuous line, and upon which nearly 
one million and a half of passengers ride every day. 

We illuminate our public streets and parks, our rail- 
way stations and public halls, our offices and homes, by 
electric systems which ten years ago were undiscovered 
or in the experimental stages. By the movement of a 
single lever the area of a whole city is turned from dark- 
ness into the brightest day. Central electric light 
stations in America exceed the central gas lighting 
plants by over fifty per cent. 

If we visit the printing office we find that the news 
is collected by electricity, the presses are driven by elec- 
tricity, the papers are printed from forms containing 
electrotypes, an electric folder and paster completes 
journals which are conveyed to the street for delivery by 
an electric elevator. 

Electroplating and electro-welding aid the metallur- 
gist in the arts and in the workshop, and the electric cur- 
rent enables him to separate his ores and produce cheaply 
the new metal of which we know so little and expect so 
much. The chemist practices electrolysis and uses the 
battery everywhere in qualitative and quantitative work. 
The physician, puzzled in his diagnosis, finds by electric- 
ity a means of clearly elucidating the most intricate prob- 
lems relating to the nervous system, and in various elec- 
trical therapeutic appliances a curative agent with which 
he successfully combats the nervous diseases which are 
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so prevalent in this era of what we are pleased to call the 
highest civilization. 

By electricity, frauds who feign sickness are detected 
in the hospitals ; while capital punishment is inflicted 
upon criminals by the electric chair. 

The biologist and anatomist, following in the steps 
of Galvani, ponder over its mysterious effect upon mus- 
cular nerve tissue, and wonder as to the future possibili- 
ties of utilizing electricity for increasing nerve force and 
prolonging life. 

In the fine arts, the reproduction of relief work 
makes it possible to produce the replica to gratify the 
taste of the connoisseur. In photography, in sub-marine 
exploration, everywhere, the scientific investigator is 
assisted in his research by this great force. t 

In the household, electricity calls our servants, rings 
the fire-alarm, summons the policeman, and protects our 
houses from burglars at the doors and windows, and our 
safes by the time-lock. If we are so unfortunate as to 
burn gas — I say unfortunate, for each i6 candle power 
gas jet consumes as much oxygen as five grown persons — 
we light and extinguish our gas chandeliers with the elec- 
tric spark. It can be made to pump the water, drive the 
ventilating fan, run the sewing machine, rock the cradle, 
and even boil the coffee. 

The mechanic formerly dependent upon the factory, 
where, for the sake of economy, hundreds of employees 
were crowded in a few cubic feet of space, for a small 
outlay, is able to enjoy the independence of the self- 
employed by using the appliances which are placed at 
his command by the systems of electrical transmission 
of power. While the '' factory girl," the class for the 
creation of which we have been taught to praise Ark- 
wright, the founder of the factory system, may tend the 
loom, or operate the sewing machine, or other device, 
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in comfort either in her own home or in apartments 
where proper sanitation and limited seclusion add to her 
bodily health and moral welfare. 

Cannot some political economist find in the cheap 
transmission of power over long distances the basis for 
the solution of some of the social problems of the day ? 

Surely the men who have invented and improved 
the dynamo and perfected methods for the transmission 
of power over long distances, deserve the gratitude of 
their fellow men. They are entitled to, and will secure, 
a place in history beside other master minds, whose life 
work has been devoted to the discovery of methods for 
the utilization of the forces of nature which were unused 
until inventive genius found a way to put them to work. 

And what of the future ? Ignorant as we are of the 
nature of this marvelous agent, he would indeed be pre- 
sumptuous who would dare to forecast it for even a 
decade. The electrical industries had their beginning 
coeval with the foundation of the nation, when the 
great philosopher, Franklin, combining scientific investi- 
gation with statesmanship '' eripuit fulvtcn coeli, seep- 
trumq7ie tyrannis'' snatched the lightning from the 
clouds and the sceptre from tyrants. From the day of 
Franklin to those of Edison and Bell, America has been 
the home of electrical invention. And there is not a 
nation in the world in which electrical devices are used 
without employing the results of American genius and 
the products of the American factory. Well may the 
electrical inventors and manufacturers of America point 
with pride to what has been accomplished during the 
decade, the conclusion of which we celebrate to-day. 

The telegraph, the telephone, the dynamo, and the 
many other results of their skill and genius exerted 
during the nineteenth century, will stand in history 
alongside the printing press, the reaper, the cotton gin, 
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the steam engine, the locomotive and the other great 
epoch making inventions that have made the present era 
of civilization possible. 



Mr. Pope : I beg leave to offer the folowing reso- 
lution : 

''Resolvedy That the National Electric Light Associa- 
tion assembled to celebrate the decennial anniversary of 
the establishment of the electric lighting industry in the 
United States, fully appreciating the value of the dis- 
coveries and inventions of Joseph Henry, heartily ap- 
proves of the proposition now before Congress to 
bestow substantial recompense upon the daughters of 
the great discoverer, who during a life time devoted to 
science received no financial compensation for the benefit 
he conferred upon mankind. 

'' Resolvedy That a copy of these resolutions be- for- 
warded to both Houses of Congress." 

The resolutions were unanimously adopted by a 
standing vote. 



The President : Mr. Monks, of Boston, has stated 
that street railway systems have no past ; they have 
grabbed the present, and are going to secure the future. 
Unlike the street railway system, the National Electrical 
Association has a past, one extremely interesting and 
widely varying in interest. We have been promised in 
that direction a paper from Mr. George Worthington. 
Unfortunately, he is detained at home by illness, and Mr. 
Charles W. Price has kindly consented to respond in 
his behalf. 

THE ORGANIZATION OF THE NATIONAL 
ELECTRIC LIGHT ASSOCIATION. 



Mr. Charles W. Price : Mr. President, Ladies 
and Gentlemen of the Convention : 

A few hours ago I was informed that, owing to the 
absence of Mr. Worthington, I w^ould be expected to 
respond to this theme — The Organization of the 
National Electric Light Association. Providence, 
with an Electric Light Convention let loose upon it, is 
not the best place in the world to collect your thoughts. 
This, you must accept as my apology for the hurried and 
brief remarks I shall make, and that they are brief no 
doubt you will be thankful. 

Fortunately for me, though perhaps not for the 
Association, I was present at the birth of the National 
Electric Light Association, an organization which, 
through many changes of everything else, has never 
changed its name, and is still known by the title given 
it in Chicago six years ago. I think every line of the 
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this exception, for when other portions of the pro- 
gramme failed, a report from the Committee on Amend- 
ments would be depended on, and such Committee 
was appointed as regularly as the Association assembled 
in Convention. These amendments were not always 
improvements. Having had an humble part in the con- 
struction of the first Constitution, vou will understand of 
course I can speak from an unprejudiced standpoint 

The first Convention was composed of many of the 
pioneers in electrical work — energetic and progressive 
men. Next to those engaged in electric lighting, gen- 
tlemen representing the carbon industry were most num- 
erous — not even excepting at that time the newspaper 
men — and our friends who dealt in general electrical 
supplies lent friendly and able aid at all times. No one 
seemed to fully understand why the meeting had been 
called, one delegate stating at the first session that he 
came because his parent company advised him not to. 

The first meeting of the National Electric Light 
Association was held in the Parlors of the Grand Pacific 
Hotel, Chicago, at ii o'clock A. M., Februar)^ 25th, 
1885, six years ago. Mr. William A. Hovey, at that 
time one of the editors of the Electrical Review y of New 
York, called the meeting to order, and stated that the 
call had been issued by his journal on the request of a 
large number engaged in the business of supplying elec- 
tric light. 

George S. Bowen, Esq., then with the Vanderpoele 
Electric Company, of Chicago, was elected temporary 
Chairman, and Mr. Henry Dwight Stanley, then and now 
and probably forever representing the Bridgeport Brass 
Co., was elected temporary Secretary. Mr. Bowen, on 
taking the Chair, spoke briefly of the bright future he 
thought was in store for the electric light, remarked that 
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the science was *' still in its infancy," and expressed a 
confidence that valuable results would grow out of the 
Convention. You all agree, undoubtedly, with Mr. 
Bowen's predictions. 

A Committee on Credentials and Permanent Organ- 
ization was appointed, consisting of the following named 
gentlemen : Charles A. Brown, of Chicago, C. J. Rich- 
ards, Racine, Wis., George Herbert Wadsworth, of 
Cleveland (since deceased), Frank Ridlon, of Boston, 
and S. Baldwin, of Baltimore. 

A Committee on Programme and Progress of Busi- 
ness (please note the title), consisting of about one-third 
of the delegates to the Convention, was appointed, and 
then adjourned for lunch. 

On re-convening. Mayor Carter Harrison, of Chicago, 
welcomed the visitors. Speaking from memory, I 
remember that he said, that *' Electricity was the most 
subtle of fluids, that it was the most powerful, the great- 
est agency handled by Man." '' It was," he said, ''The 
breath of Deity. It could rend the giant oak, melt the 
granite of ages, yet, in the incandescent light it was as 
soft as the down on a woman's cheek." 

Then we all stood up and cheered Carter Harrison. 

Prof. Elisha Gray also spoke a few words of welcome, 
and gave electricity the credit of being the greatest 
wonder of the century, and varied the infancy remark 
by predicting that we '' were only on the threshold of 
its wonders." Then all applauded Professor Gray, and 
everybody present felt proud of his calling. 

The Committee on Permanent Organization, which 
had been penned up in a room, and compelled to go 
hungry until the report was made, then filed into the 
room. The peaceful look on their countenances gave 
no indication of the strife and controversv that had 
occurred in that committee room, where they had been 
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in attendance on the birth of this Association. The 
Committee was, fortunately, a comprehensive one, and 
from a host of candidates made admirable selections, as 
follows, and the report was unanimously adopted by the 
Convention : 

President, J. F. Morrison, Baltimore. 

Vice Presidents, H. M. Cleveland, of Hartford, 
Conni.; J. H.Yarbrough, Nashville, Tenn.; E. R. Weeks, 
Kansas City, Mo. 

Secretary and Treasurer, William A. Hovey, of New 
York. 

Executive Committee, George S. Bowen, of Chi- 
cago ; Wm. Hochhausen, of New York ; Gilbert Don- 
aldson, of St. Paul ; Frank Ridlon, of Boston ; John R. 
Fletcher, of Akron, Ohio ; and George O'Connor, of 
New Orleans. 

Mr. Morrison thanked the Convention for the honor, 
and in a brief address opened the Convention for the 
business that, as he said, had brought many of the mem- 
bers hundreds of miles. 

The Committee on digest of papers and programme 
of business reported the following order of proceedings 
and topics for discussion, which I think will not be un- 
interesting to give in full here : 

1 . Incandescent lights, particularly in regard to length 
of circuit upon which they can be run with profit. (You 
will see, even at that time, these scientists and engineers 
were not working solely for their health.) 

2. Locating and avoiding crosses with telephone 
wires. 

3. Power and its conversion into light. 

4. Electric light globes and shades. 

5. The best modes of connecting dynamos with 
power. 

6. Electric lighting by water power. 
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7- Rates and rebates on electric lights by the year. 

8. The use of electricity as applied to motors. 

9. When an electric light system requires No. 6 
conductor, is it desirable to use Nos. 6 and 4 in the 
same line ? 

10. Will armatures become affected by frost when 
exposed in transportation ? 

11. Special insulation on guards to insulation of 
lines at dangerous points and places. 

1 2. Street lighting ; the best manner and modes of 
accomplishment, embracing the location of lights and 
running of circuits. 

13. Experience and results in the use of under- 
ground conductors. 

14. Resolved, That the fireman should receive more 
pay than the engineer. 

15. Help generally. 

16. Experience of electric light companies in the 
use of copper coated and uncoated carbons. 

In the light of the present, the discussion which fol- 
lowed would prove very interesting, and in some in- 
stances laughable. But the Convention report, which 
was published, gives you all this, and I need not make 
lengthy mention here. 

I remember that the Convention was astonished by 

m 

the figures given by Mr. George Fletcher, of Dixon, 111., 
of the cost to him per light. Some one asked him how 
much he paid his engineers — who was his engineer. 
**The good Lord is my engineer," said Mr. Fletcher. 
This he explained by stating that he employed water 
power, by means of w^hich a turbine water w^heel ran a 
saw-mill and other mills, and incidentally his electric 
light plant. Mr. Fletcher stated further that he received 
enough carbons to run his plant without cost, by dili- 
gently sending to the different manufacturing companies 
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for *' sample" lots. These statements very naturally 
caused much amusement. 

Mr. Vanderpoele stated that electricity could be 
used for transmitting power. No one will dispute that 
fact to-day, or that Mr. \"andcrpoele was one of the first 
to prove it. 

Proposition 9, relating to the use of the No. 6 and 4 
wire in the same line, was decided in the affirmative. 
Whether frost could damage armatures in transportation 
was answered in the negative by Mr. Vanderpoele. 

The principal sections of the Constitution and By- 
laws as adopted were as follows : 

ARTICLE 11. 

''The members of this Association shall be compa- 
nies, firms or individuals operating electric light plants 
or manufacturing electric lighting apparatus." 

ARTICLE III. 

*' Companies, individuals or firms engaged in the 
manufacture of machinery or apparatus connected with 
electric lighting may be admitted to associate member- 
ship by a vote of the Executive Committee. Such asso- 
ciate members shall pay the same dues as members, shall 
be entitled to seats at all meetings, but shall have no 
vote, shall be ineligible to office, and shall be entitled to 
the floor only at the request of the Executive Committee 
or presiding officer." 

This Convention adjourned after two days' session, 
and with its subsequent history you are all well ac- 
quainted. 

In conclusion, it is scarcely necessary for me to speak 
of the great usefulness and wide influence of this Asso- 
ciation. Starting with a membership of less than fifty, 
it now has, I believe, several hundred, and it has been 
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the means of promoting a fraternal feeling throughout 
the entire electrical industry, of at once bringing to the 
front the most meritorious work of the alert inventors, 
and, to an extent not easily calculable, made every elec- 
tric light man acquainted with the successful and modern 
manner of conducting his business. Neither can it be 
said to have fulfilled its mission. There is much and 
still greater work to do, as this great science continues 
to expand. No organization, and I speak advisedly, 
has done so much to promote the best interests of the 
whole field of this industry as your Association. 

That the good work, begun in doubt and with many 
misgivings in the City of Chicago six years ago, may 
continue to still greater usefulness and honor, is the sin- 
cere wish of your present speaker. 



Mr. George M. Phelps : I ask the privilege at this 
time of presenting a resolution lest I may not have 
another opportunity : 

Whereas, The members of the National Electric 
Light Association assembled in its Thirteenth Conven- 
tion have learned of the serious illness of Mr. George 
Worthington, whose genial presence is missed by all and 
w^hose conspicuous services to electrical industries in pro- 
moting the organization of the Association are recalled 
by all, it is 

Resolved, That the Association hereby expresses its 
cordial esteem for Mr. Worthington, its appreciation of 
his many services, and its heartfelt wishes for his early 
recovery of health and strength, and that the Secretary 
be requested to forward a copy of the resolution to Mr. 
Worthington. 

The resolution was seconded by Mr. Ralph W. Pope, 
and carried unanimously. 



The President : As representing the particular 
department in incandescent lighting, Mr. J. H. Herrick, 
First Vice President of the Edison Electric Company, of 
New York City, will now, I am pleased to say, address 
you. 

INCANDESCENT ELECTRIC LIGHTING. 



Mr. Herrick : Apart from the very great honor of 
appearing for the first time at the decennial celebration 
of electric lighting in this country, I find myself in 
an exceedingly embarrassing position. I hold in my 
hand an invitation which I received with much pleas- 
ure so long as I perused the first few lines. I got down 
a little further in it and I discovered that I was not called 
upon to make a set speech, and that if I could not make 
a set speech I might write one and it would be read for me. 
Now, you can imagine the condition in which I must be 
when I have never made a set speech and never written 
one. I am called upon, also, in a measure, to represent 
Mr. Edison, as I perceive from my invitation that Mr. 
Edison, as usual, declined to come or was not able to come. 
Now, I feel utterly unable to represent Mr. Edison in 
anything, even in the modesty which is his pre-eminent 
gift. (Applause.) 

This is a Convention of reminiscences. I do not be- 
lieve it is in the books, but it seems to me in preparing 
for this occasion so far as I might, that the original in- 
candescent lamp has been omitted from the books. I 
claim that a man named Moses discovered the first in- 
candescent lamp, because it was incandescent, it was a 
vcjifctable filament and it did not consume. (Applause.) 
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I think you ought to put down in your archives that 
that is where incandescent lighting first begun. 

From that time to Thales — I think it was, Mr. Lock- 
wood — and from that time on, somewhere in the 
neighborhood of 1820, the world was wishing for the re- 
turn of that same incandescent light, but it did not come. 
I understand from some of the scientific speakers ahead 
of me, Mr. Faraday discovered, in the neighborhood of 
1825, some method of running a powerful current over a 
large conductor through a low resistance incandescent 
carbon, and made, as my celebrated friend, the Professor, 
has suggested, a brilliant, beautiful laboratory experi- 
ment. I understand the light went along in just about 
that shape until somewhere in the neighborhood of 1875, 
when, thanks be to God, Mr. Edison, having completed 
the quadruplex telegraphic invention, was enabled to 
turn his attention to the incandescent light. What did he 
do ? In some respects it w^as a misfortune, because 
under the old incandescent system we might have fur- 
nished, with a mixed conductor, a demand for the entire 
Hecla mine of copper, and I do not know but that pretty 
much all the rest of the copper in the world would have 
been wanted, and if we could have gone far enough to 
employ some of our surplus silver in the same conducting 
business, I am satisfied that on the whole we would have 
been better off than we are now. Mr. Edison reversed 
the previous arrangement. Now, I am getting on a 
little dangerous ground. I am going to attempt a few 
technical remarks, of which I am satisfied there is not a 
gentleman in the room who hasn't more information 
than I have. As I understand, this Humphrey Davy or 
other gentleman's lamp (laughter) required a very large 
conductor, and the resistance of the incandescent part of 
it was one-tenth of one ohm, and if we had used all the 
copper and all the silver I don't know that we would 
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have found machiner)' enough to give us current enough 
to run it up to the requisite character of light. 
So Mr. Edison began at the other end and said : ** I 
must make a low resistance carbon, and then I will re- 
duce my conductor and I will make the thing com- 
mercially possible." What was the result? From one- 
tenth of one ohm. the filament in the globe of glass — 
in the vacuum in the globe of glass — resisted at first 140 
ohms against one-tenth, and later on 240 ohms against 
one-tenth, meaning 1.400 times more resistance and 
1.400 times less power, and there is your solution. 
(Laughter.) Now. the l>enefits of this incandescent 
\i\mp — here we are in a room ; we have been here a 
couple of hours and we have used up a great deal of 
oxygen. The figures were given just now — ever}' five 
ftx*t of gas burner consumed nine square feet of oxygen 
and the room begins to feel oppressive. One of the 
principal advantages of this light is that we do not use 
any oxygen and we only produce one-fifteenth part of the 
heat, and we take the light into the domestic circle and 
we make life pleasant and happy, because the air is good. 
Now. I am very fond of parallels, and it seems to me 
that the incandescent lamp is very much parallel in many 
respects to human life. The great men of the past and 
present have elevated manhood and benefited the common 
communitv bv the measure of resistance thev have been 
able to offer to the obstacles, the trials, the disappointments 
from daily life. Just so our incandescent lamp, by the 
measure of its resistance so shall you measure the 
brillancy of its effect. Again, human genius, human 
talent may be overwrought, overworked, and cease to 
benefit us all. So it is in incandescent light, if over- 
wu>ught by the current by which it produces its most 
beneficial result, it is destroyed. 

) ust before I come to the close, 1 would like to tell 
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a story which I think especially applies to electric busi- 
ness. A young lady friend of mine was speaking to 
another lady friend, and said to her, '* Annie, w^hy did 
you refuse Mr. Hardcastle?" " Refuse him? I could 
never be happy with such a man as that. Why, he 
doesn't believe in anything. He has no faith." '' No 
faith?" ''No; he doesn't even believe in dreams." 
There is no man fit to belong to the electrical fraternity 
who does not believe in the scientist's dream. (Applause. ) 
What we have achieved in the past was largely owing to 
the dream of our scientists put into reality. What we 
may expect in the future will depend upon by how much 
faith, by how much energy, by how much genius, we 
endeavor to realize the dream of these scientists. 

That I am delighted to meet you, gentlemen, in this 
friendly manner goes without saying. 
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The President : It was related that in the early 
days of electric lighting in the city of Boston, when the 
old Brush Company was afraid of their coal being ex- 
hausted, and there were two firemen in the room, that 
Frank Ridlon ordered one fireman to be thrown into 
the furnace to keep the steam up until the load of coal 
arrived. One of the survivors of the old basket factory 
in New Britain, who has come down to us from those 
early days of electric lighting in comparatively a good 
state of preservation, is E. Wilbur Rice, of the Thom- 
son-Houston Company, of Lynn. We shall be glad to 
hear from him. 

BEGINNINGS OF DYNAMO MAKING. 



Mr. Rice: Mr. President, ladies and gentlemen: 
It is necessary to state that this is entirely unexpected. 
I came here expecting to listen, not to talk. I have 
been greatly interested in all that I have heard, and with 
the reminiscences of Professor Thomson. I was very 
much interested to hear Professor Thomson speak of 
what he saw in London, and it occurred to me that I 
had a similar experience one time with Professor Thom- 
son himself, when I visited the Central High School, 
one afternoon, after school, to examine some of Pro- 
fessor Thomson^s old works. I saw there a dynamo 
which the professor assured me was the first one that 
he had ever built. This dynamo, curious to relate, was 
so wound and connected by Professor Thomson on dif- 
ferent occasions, that it involved many of the principles 
which have since become well known, but at that time 
were unknown. He had the winding so arranged that 
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it could be used in shunt, in series and in series shunt, 
which is practically known to-day as the compound 
winding and which is used so much in connection with 
incandescent lighting. Professor Thomson did not pub- 
lish it at that time, and told me that he did not think he 
was doing anything particular. I may say, in this con- 
nection, that Professor Thomson did a great many things 
of this kind that were equally great, but which seemed 
to him so ordinary, and such a matter of course, that he 
neglected to say or do anything about it. 

I was a student at the High School of Philadelphia 
at the time when Prof. Thomson visited Europe in 1878. 
Upon his return, I was greatly delighted to hear his en- 
thusiastic account of what he had seen, and I know I 
was very much interested to learn that he intended to go 
into such a line of work. I remember one of the first 
large machines driven by power which was built by Prof. 
Thomson, and was used in a lecture at the Franklin In- 
stitute, given in the Winter of 1878-79, shortly after the 
Professors return from Europe. This dynamo was 
driven by a steam engine belonging to the Franklin In- 
stitute, and was used to run a very brilliant arc light. In 
those days an arc light was quite a novelty, and I well 
remember the impression it made upon me, although I 
was quite a young man — a mere boy at the time of the 
Centennial Exibition. I well remember the exhibit, 
which was described by Prof. Thomson, of Gramme, and 
others, and, I may say, to that exhibit I owe all my inter- 
est in electrical science. Of course, I did not compre- 
hend it at that time, but I took a great interest in it, and 
began thereafter to study it, and upon entering the High 
School, I found Prof. Thomson one who was quite will- 
ing to assist me in all endeavors. 

The early days of the promotion of the Thomson- 
Houston Company in Lynn, at the old American Com- 
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puny, are, of course, quite familiar to me, as I was one of 
the first employees along with Prof. Thomson. In those 
days we were not quite so busy as we are at present, and 
although the factory was quite small the room was quite 
large for the amount of work we accomplished. I know 
on the ui)per Hoors of the factory it was quite a custom- 
ary thing for some of the hoys to build double rippers, 
and to exercise on bicycles. One of the first pieces of 
work upon which I was set, on arriving at New Britain, 
was whitewashing Prof. Thomson's office, and brighten- 
ing up the machinery, and numerous other like employ- 
ments. I must say 1 enjoyed it very much, indeed. 
There was nothing else to do. and I did not like to be 
idle. Prof. Thomson was engaged on work somewhat 
similar on some occasions. I remember well when he 
assisted in putting up a partition around his office in 
order to get a place where he could do some quiet work. 
The company was too poor or was unwilling to. buy 
electrical instruments, and Prof. Thomson had to make 
a great many with his own hands. 

Perhaps, to give one an idea of the great advancement 
during the past ten years. I may state that a great many 
of the familiar words such as volt and ampere^ were at 
that time entirely unknown. We measured our current 
in webers. and I think that the word ampere was not 
generally adopted until i88i or 1882. The first machine 
which was built in the old factory- was a one-light machine 
which weighed something like 150 to 200 pounds. I 
remember well that we used to exercise our strength in 
attempting to lift it. and a great many succeeded. To-day 
we are building machines weighing 65.000 pounds. The 
<.)Utput of those little machines was one arc light, meas- 
ure<l ii\ our electrical nomenclature. 500 watts. To-day 
the UKuhines that I am s^xraking of will give an output 
K>i y>\KX n(.x>axx> watts. This little machine of which I 
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speak required about one and a half to two horse power 
to drive it, and the large machines we are building to- 
day require about 700 horse power. I think after the 
close of the year 1881 we had in use something like 
100 arc lights all told. To-day I believe there are some- 
thing like 100,000 arc lights in operation, This gives 
you some idea of the growth of one company, and one 
branch of its work, and there is no question but that the 
general electrical industry has developed in like manner. 
(Applause.) 



The President : First, almost, in the field of trans- 
mission and utilization of electrical energy for power 
purposes, and, I believe, the first to make a practical 
application and demonstration for the propelling of our 
street cars, is a gentleman whom we have with us to-day, 
so well known to you that I shall simply introduce him 
by calling his name — Frank Sprague. 

SPRAGUE ELECTRIC RAILROAD. 



Mr. Sprague : Mr. President, ladies and gentle- 
men : I feel somewhat embarrassed by being called upon 
to speak here to-day. The request that I should do so 
has been somewhat sudden. While the hum of the 
motor may be called the song of emancipation, like the 
hum of many another song, it is best when quietest. 
Since my early musical education was neglected, I am 
not able to compose music to go with it. I once made 
the remark that I owed much to Providence energy, and 
the industries of Providence, for some of the earliest 
success in electric railway work. A gentleman looked 
at me and said in a somewhat sarcastic manner, ** I think 
you do owe much to Providence." Our thoughts to-day 
seem to run in a reminiscent past, and I will indulge in 
a little bit in that direction myself, simply because the 
commercial history of the electric railway is well known, 
while, perhaps, some of the inside history of it you do 
not know, and the story that I shall tell, in a very brief 
way, is nothing more or less than the story which is 
common to every earlier enthusiast in the commercial 
development of electric railway or electric light. I 
remember in 1879 I ^^^^ ^^ duty on board of a naval 



vessel of the United States on the coast of Japan. I had 
before that time been at the naval academy, graduating 
there in 1878. Just at that time Edison, Bell, and other 
electricians were prominent in the field, and there grew 
up in my mind a love for electrical matters, and the 
desire to be associated, in some way, with electrical 
developments. The United States Navy Department at 
that time was not very encouraging to any such ambi- 
tion. I went the way of all other midshipmen, and 
drifted out to Asia, but the stories of the discoveries 
being made in electric lighting by Thomson, Brush and 
Bell drifted out there, and I became very nervous under 
it. At that time I was trying to invent an electric motor. 
I meditated very seriously sending a request to the Navy 
Department to be allowed to come home on a sailing 
vessel, as I could not well afford to come home in any 
other way. 

Well, by some good intervention, 1 was ordered back 
to the United States, and I went to Ansonia, Conn., 
and saw an experiment in the transmission of power 
which greatly impressed me. Mr. Wallace, of Wallace 
& Sons, of Ansonia, is a man whose position in the his- 
tory of this enterprise has never been fully appreciated. 
I went there, knowing him personally, and was taken 
through his factory, and he said, '' Sprague, let me show 
you something." He had one of those old four-pole 
armature machines. He had connected it with a dynamo. 
He turned on the current, and pretty soon this thing was 
running two or three thousand revolutions a minute. He 
said, ^^It is no good." I said, ^^Why?" He said, ''I 
will show you." And he turned to one of the men — 
a large, strong man — and said, '* Get hold of the arma- 
ture." This armature, I suppose, was about ten inches 
in diameter. He got hold, with the brake on the arm of 
it, and finally began to bring it down, lowering its speed. 
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and finally brought it to a dead rest. In that simple 
experiment he outlined and he overlooked the most 
important fact that he had to deal with — that the energy 
which was being developed was not the sole question to 
be considered, but there was also to be considered its 
torsional effort multiplied by the speed with which it was 
traveling. Had Mr. Wallace seized on that single point, 
or had I, or had anybody else seized upon it at that 
time, the transmission of power would then have been 
very much advanced. 

Mr. Wallace at that time, if I remember rightly, was 
building a machine invented by Mr. Farmer ; certainly 
one of the earliest and most esteemed pioneers of elec- 
tric science in this country. Mr. Farmer was then a 
crippled man, confined to his chair. He was attached to 
the torpedo station at Newport, and he had invented a 
machine for use in torpedo work on board ship. One 
of his machines was one of the first machines that I 
ever had the pleasure of dealing with. With a lack, 
perhaps, of some little formality, which is necessary in 
official life, I applied for the whole second floor of a 
machine shop in the Brooklyn Navy Yard. I think 
that was in 1880 or 1881. I got one lathe, and in that 
lathe I set up a Wallace-Farmer machine, and tried the 
first experiment I ever tried in the building of a dynamo 
or a motor. My work from that time fell off. My 
duties called me out of the United States, and it was 
not until 1882, at the Electrical Exposition in London, 
that I was brought to a consideration of the tremendous 
advance that electricity was making. 

P"ew of you are familiar, perhaps, with the inside 
difficulties with which we had to deal in the history of 
the electric railway enterprise, and the amount which it 
was necessary to conceal from the general public. The 
contract for the road in Richmond was taken in 1887. 
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I had never seen the road. 1 remember to this day the 
impression that came over me. I had been talking with 
John Stephenson, the pioneer car builder of the United 
States, and he said, ** I do not believe that any self-pro- 
pelling car can operate under street car conditions. I 
am acquainted with 14 of them in the city of Paris." I 
said, *' Mr. Stephenson, there has been one difficulty 
with those ; not one of them utilizes the weight of the 
car for purpose of traction." The first machine that 
was built, was built for storage battery experiments on 
the West End in Boston. Subsequently, when I went 
to Richmond, I saw a grade of 10 per cent. My heart 
fell within me, and I said, '' It is utterly impossible for 
anv car to climb that hill." I came back to New York, 
and had some consultation in a retired room in New 
York that settled this question : Is it possible for any 
car to mount a 10 per cent, grade ? Everybody said it 
is not, and I confess that I myself thought it was not. 
Shall we use a cable on that 10 per cent, grade and trust 
to electricity for the balance, or shall we change the 
gearing of the machine ? We had a single geared ma- 
chine. Mr. Johnson, who, I think, is a sort of John the 
Baptist in the electrical profession — a sort of forerunner 
of good things — said we had better find if we could get up 
that grade at all. Back to Richmond I posted. I 
started out one night when there had been an election, 
and when the streets were filled with a crowd of drunken 
men. We went down in great shape, and then just be- 
fore us was this grade. I said to the Superintendent, 
** We cannot mount it." ** Well," said he, ** It will go 
up, and I will bet you five dollars I will take you up." 
We started, and we mounted the hill. When we got to 
the top, it had settled the question of traction on a 10 
per cent, grade. It had settled, likewise, that the motors 
we had w^ere altogether too small and too light, because 
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they were hotter, perhaps, than the furnace in an electric 
welding apparatus. On getting to the top, we thought 
the best thing we could do was to stand still a little 
while. I remember one of mv assistants, Mr. Green,was 
with me. I said to him, '* Green, I think w^e had better 
send for some instruments, I think a little accident has 
happened to one of the machines." So we lay dow^n on 
the bottom of the car until he brought those instruments. 
They were four strong mules, for it was necessary to get 
that car back into the car shed that night. As I say, we 
are indebted very much to Providence skill and energy 
for the success of that road. That fact brought me face to 
face with the fact that it was necessar\' to make a com- 
plete change on 60 machines in Richmond, in the matter 
of 2reurino[. I was thorougrhlv at a loss what to do. 
There was no factory to which I could go to get that 
built* excepting one, and that was the shop of Brown & 
Sharpe in this city. I said to the foreman. "^ We have 
met the worst obstacle I have ever seen, in Richmond. 
We have got 60 cars we are under contract to run. If 
we fail there it will delay the electrical development in 
this country : we. likewise, personally, will go up. Now," 
1 Siiid. " I have ijot evervthin^: at stake. Mv associates 
have eot everv dollar at stake. The electric railwav in 
this country is liable to be at stake. The road has got 
to go. and go it must. Will you do for me what I ask, 
and put as many men and as much money and material 
at mv command for 24 hours a day as will be needed 
until 1 recover the position we have lost ? " He said. 
*' 1 will." They went to work and made probably the 
most difficult piece of gearing they were ever called on to 
make. In the course of four or five weeks, we started 
again in Richmond on the 2d of February, 1888. The 
gearing had all stuck for lack of oil. Then the next 
thing we found was that the armatures were too large. 
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and so we had to resort to electrocution ; we had to cut 
off their heads. We were using a 450 ground circuit, a 
machine that was covered with water and mud. Every 
field magnet h^d been wound and rewound three or four 
times. Our next experience was, that our commutators 
were going to pieces. We had tried no less than 65 
different kinds of trolleys, and had not got one that 
would work reasonably satisfactorily. We were attempt- 
ing to run motors in both directions, and with a brush 
that was difficult to handle, and, after trying a great 
variety of brushes, we finally settled upon square bars of 
brass about three-eighths of an inch square, and every 
time a car would go through the street you would see a 
shower of brass dust, so that we had the whole road 
marked from one end of the town to the other with a 
sort of golden path. The copper we were using was 
costing us nine dollars a day, and it w^as raw material. 
Subsequently we adopted the use of carbon. 

This inside history of some of the work at Richmond 
has, of course, not ordinarily been told. I think the 
time has come, now, when there is no harm in its being 
told. I think that people would have looked on electric 
railways as out of the question, if they had known of the 
straits we were going through. In the last three years 
you have become perfectly familiar with the first geared 
machine ; that is, a machine that is concentrated on the 
driving axle and geared to the car axle. It was built 
by the Brown & Sharpe Company. They had one of the 
elevated railroad trucks in their shops some five or ^ix 
weeks, and I think they are satisfied it will be the last 
they will have. 

The Armington & Sims engine was the first engine 
we ever had, and the engines put in in Richmond have 
never to my knowledge been changed or caused the 
slightest trouble from that day to this. 



The wire \vc first used was made by the American 
Electric Company in this city. The forgings we used 
were from Bridgeport, near by. So, almost all the 
material and the work done at Richmond either ema- 
nated from Providence or from places within a short 
distance of it. 

There is a profession which owes much to the efforts 
of the electric railway people ; that is the legal fraternity. 
I see a representative here of an enterprise and industry 
with which we had some conflicts — the Bell Telephone 
Company. I have heard since I have been here a criti- 
cism that I should have been an advocate of an over- 
head wire — one only, remember — and had taken upon 
myself to get out an injunction against the Metropolitan 
Bell Telephone Company of New York. About two or 
three weeks ago we had a very providential storm, and 
in what I considered one of the most beautiful portions 
of New York there w^as a magnificent line of poles, with 
I JO beautiful wires in all directions, and one to cap them, 
making 171 wires. ^ A flaky fall of snow occurred, and 
we found this army of poles lying flat in the street. We 
thought that the telephone company had so well built 
its line that Providence never vv^ould aid us. But we 
immediately had a meeting of property holders and by 
the next morning we had an injunction against the erec- 
tion or maintenance of any poles or w^ires on the street. 
I have been somewhat criticised, but I think it nothing 
more than turning the tables on that company which, 
for the past two years, has been so successful in sitting 
down on the infringers of its patents. I think the pub- 
lic has some reason to be satisfied, because the grounded 
circuit telephone is very largely disappearing from use. 
A more perfect telephone service is being adopted. 
Sixty per cent., if I remember rightly, of the lines in 
New York City are now underground, and we hope to 
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see the balance of them there. As to the future of the 
electric railway, I heard with some interest what Mr. 
Monks stated. His objections to the double equipment 
have been based somewhat upon the cost. I think we 
all know the experience that the electric lij^^hting appa- 
ratus has gone through, and none of us can doubt from 
that experience, that it is going to be made more simple, 
lighter, stronger, more reliable and at much less expense ; 
so that the objection which he raises, I think, is not 
entirely a sound one. It is based upon past results, not 
upon future promises. The gearing of the present motor 
will disappear from the electric motor in the future, and 
it is a very near future. It will also be an electric motor 
driving direct without any reduction whatever. Its 
revolutions will be coincident with the revolutions of 
the wheel. The day of the gearing is fast approaching, 
and those w^ho have had experience of gears with electric 
motors can surely feel encouraged by that fact. 

Of late, I have been in exactly the position of Mr. 
Thomson, where the infant swallowed up the larger 
specimen, and I have also been very much in the posi- 
tion where the infant got very thoroughly swallowed up. 
But the electric railway problem in New York City — 
the question of rapid transit — is coming to the front. 
That we shall have there electric railway transit I think 
no man who knows the future of this industry will 
doubt. What form it will take no man will tell. While 
I am an advocate of one wire, if necessary overhead, 
I am an advocate of everything being put under- 
ground as far as possible. I do not believe in the theory 
of God's free air in New York City, where the air is 
monopolized by three things — buildings from lo to 
14 stories high, the elevated railroads and the Bell Tele- 
phone Company. But I believe in God's free earth, 
where we can go independent of grades and independent 
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of weather conditions. We have a most remarkable 
example of the perfection of that operation in London. 
I had the pleasure of visiting the Suburban and South 
London Railway under the guidance of Mr. Hopkin- 
son, the engineer, and I told him there could be no 
question of the success of that enterprise. I think in- 
formation since received of the progress has fully justi- 
fied that prediction. I thank you, gentlemen, for your 
kindness. (Applause.) 

Mr. Weeks : It has been my experience in meet- 
ing, that there are always brethern who require a little 
coaxing, and I rise to ask from you the privilege of the 
floor for a gentleman from Chicago, whose modesty, 
characteristic of the city from which he hails, forbids him 
to rise and ask that privilege for himself — Mr. F. S. 
Terry. , 

Mr. Terry : I thought at this time a few remarks 
on the preliminary organization of the National Electric 
Light Association would perhaps be appropriate and in- 
teresting, and I will occupy your attention only a very 
short time. In the latter part of December, 1884, Mr. 
George S. Bowen made a suggestion of calling the elec- 
tric lighting companies doing business at that time, 
together, and, with them as a nucleus, to form an organi- 
zation to be national in its character and modeled after 
the then existing Gas Association. This suggestion was 
made to several of those interested in electrical matters 
in Chicago, and it was finally decided, after many futile 
discussions, to call a meeting to perfect the necessary 
plans for such an organization, and a date was decided 
upon for this meeting. There was but little interest dis- 
played in the matter, however, and so few were present 
that nothing was accomplished, and it gradually became 
understood that the proposed plan had fallen through. 

In the early part of February, 1885, the subject was 
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again revived, and sufficient interest excited, so that a 
meeting was held, eight or ten being present. I give the 
names from memory, and my list may not be entirely 
correct : Mr. George S. Bowen, Mr. C. C. Warren, 
Mr. M. A. Knapp, Mr. Wrn. A. Hammond, Mr. E. A. 
Sperry, Mr. D. K. Stiles, Mr. W. A. Kriedler and my- 
self, all of Chicago. At the meeting it was decided to 
issue invitations for a Convention, to be held in Chicago, 
and a Committee on Invitation and Arrangements, com- 
posed of Messrs. George S. Bowen, E. A. Sperry and 
myself, was appointed. Of electrical journals, the first to 
take notice of the National Electric Light Association, 
and to publish the call for a meeting in Chicago, was the 
Electrical Review^ of New York. The only meeting of 
the Committee on Arrangements was held at the office of 
the Electrical Supply Company, then located at No. 1 75 
Lake street, Chicago, at which the form of invitation 
was arranged and at which it was decided to correspond 
with some of the principal electricians of the coun- 
try, requesting them to be present if possible, and to 
read a paper before the Convention. The details inci- 
dental to preparing and issuing the invitations, as well as 
the correspondence in reference to the papers, were left 
to myself. As there was at that time no directory or 
list of electric lighting companies, we were obliged to 
depend on the books of the Electrical Supply Company 
for our list of names, and, to more fully cover the field, 
we took, in addition to that list, the cities in the United 
States with 20,000 inhabitants and over. In many cases 
we found it necessary to direct our invitations to the 
'* Electric Light Company " that we thought might be 
located in each of these cities. 

We entered into correspondence with Thomas A. 
Edison, Charles F. Brush and Elihu Thomson, request- 
ing them to attend the Convention, and received replies 
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from all three stating that they would be unable to com- 
ply with our request. 

About February i8, 1885, a meeting was held at the 
Grand Pacific Hotel. Chicago, and George S. Bowen was 
elected temporary chairman, and. afterward, the organiza- 
tion was completed with J. F. Morrison as President. 

While during the preliminary work we had much 
hope and some idea that certain good results would 
attend a conference of all those interested in electric 
lighting, we, none of us, of course, realized the extent 
of the benefit which would ultimately result. At that 
time each of us was interested in our object of organizing 
a National Association, as we believed that it would be a 
good thing, and of mutual benefit to all, and it seemed 
necessary that some one should start it. What this 
Association has grown into, the constantly increasing 
interest excited by the present National Electric Light 
Association, and its increasing scope of usefulness, can 
bear witness. 

Mr. Mason: 1 rise to make a suggestion, if you will 
permit me ; it is, if any members of the Association 
have valuable reminiscences, that they put them in writ- 
ing and hand them to the Secretary, that we may have 
the benefit of them in the report of our Proceedings; 
and, secondly, that we adjourn to meet at half past three 
o'clock. 

The motion to adjourn was carried. 



AFTERNOON SESSION. 



The President : The Convention will come to 
order. The following letters have been received : 

INVITATIONS. 



Office of Providence Steam Engine Co., 

Rathbone Gardner, President, William B. Waterman^ 
Treasurer. F. W. Phillips, Secretary, 

Providence, R. I., February i8, 1891. 

Mr. Marsden J. Perry, President National Electric 
Light Association. 

Dear Sir : Will you allow us, through you, to ex- 
tend to the members of the National Electric Light 
Association a cordial invitation to visit our works and 
inspect the improved Greene engine in process of con- 
struction. 

We shall be glad to welcome any member of the 
Association at any time during their stay in this city. 

Yours very respectfully. 

Providence Steam Engine Co., 

Rathbone Gardner, Pres. 
12 
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Providence Young Men's Christian Association. 

H. S. Tarbell, Pres. H. J. Wells, Treas — 

Hamilton S. Conant Gen, Sec. H. M. Boss, Sec, 

New Building, 

375 Westminster, Corner Jackson Street. 

Providence, R. I., Feb. i8, 1891. 

M, J. Perry y Esq,, President National Electric Ligh^ 
Association, 

Dear Sir : In behalf of the Providence Young 
Men's Christian Association, it affords me pleasure to 
extend to the delegates in attendance at the Convention 
of the National Electric Light Association in this city 
an invitation to visit our new building at such time as it 
may suit your convenience. 

The building is open at all hours from 8 A. M. to 
9 130 P. M., and visitors will be welcome at any time. 
If the delegates should see fit to accept this invitation to 
visit the building in a body, we shall be pleased to make 
arrangements that will facilitate their seeing it without 
unnecessary delay. 

Respectfully yours, 

Hamilton S. Conant, 

General Secretary, 



Electrical and Industrial Exhibition, 
at Worcester Skating Rink, 19 Foster Street, 

Worcester, Ma^s., Feb. 14, 1891. 

Natio7ial Electric Light Association. 

Gentlemen : Being greatly interested in Electricity, 
and as it is intended to make the above Exhibition of 
interest, I would most respectfully invnte your delegates 
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visit the Electrical and Industrial Exhibition to be 
l^eld at Worcester, beginning Monday, February 23d. 

Most respectfully yours, 

H. H. BiGELOW. 

The President : If there is no other disposition to 
t>^ made of these communications, they will be received 
id placed on file. 



The President : The first item on our programme 
this afternoon is a paper by Prof. Elihu Thomson, on 
'*The Electric Arc and its Use in Lighting." (Ap- 
plause.) 

THE ELECTRIC ARC AND ITS USE 

IN LIGHTING. 



Prof. Thomson: Mr. President and gentlemen: 
My object in selecting the title of this paper was to have 
a brief review and go over the subject of the electric 
arc, and review some of its important features, particu- 
larly as applied to lighting, and, at the same time, to 
study it in a scientific manner, so far as was possible 
within the limits of the time. On getting well into the 
matter, I found that it was a much larger subject than 
could be handled in a single paper, and, as a conse- 
quence, I had to cut a good deal of it short towards the 
end. 

It is curious that, notwithstanding the fact that as a 
source of illumination the electric arc has been known 
since the beginning of the century, the scientific study 
of its nature has been but little pursued. It began to be 
known as a sort of scientific curiosity, being at first set 
apart as one of the many phenomena observed in the 
use of powerful batteries. It was not until about 20 
years after its discovery by Sir Humphrey Davy that 
any proposals were made to use it in lighting, and, sub- 
sequently, for many years it was occasionally employed 
either in lecture demonstrations or in obtaining an 
intense light for some special purpose. 

The efforts to use it in lighthouses led to the design- 
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ing and construction of machines on the magneto- 
electric principle to replace the cumbrous and costly 
batteries otherwise required. I remember vividly the 
hours of labor and time necessary to prepare a battery 
of 40 Bunsen cells for use in working a single small arc 
light for, at most, two or three hours. But I remember 
far more vividly the suffocating fumes and risk of acid 
spilling, with accompanying ruin, concomitant on the 
taking down of a partially exhausted battery. Even to 
work with the arc for an hour or two was, however, 
adjudged a sufficient compensation for the disadvantages 
in obtaining the current. All this has, however, been 
changedi^ and the past 10 or 15 years has made the arc 
as a source of illumination one of the indispensables 
of a progressive community. Instead of the original 
little short sticks of wood charcoal used as ''points," 
which were only ** points" because it was not expected 
that the arc would be burned for more than a few 
minutes without exhausting the battery, there came 
later on the little hard carbon sticks about two inches 
long and three-sixteenths of an inch square, sawn from 
hard gas-retort carbon, or from battery plates ; and, 
lastly, came the moulded and forced carbons made from 
a paste in a powerful press, millions of which are now 
required every week to keep the lamps at present in use 
supplied. 

The charcoal points of Davy were touched together 
horizontally after attachment of the wires to the battery 
and were then separated. The stream of hot flame 
which followed or joined the points, being deflected by 
air currents, took the form of an arch or curve, which 
gave the name to the phenomenon. Even with one 
carbon directly over the other, the curved form of the 
stream is the rule when the carbons are widely separated. 
Davy's original experiment was made with a battery of 
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2,000 cells, with zinc and copper plates about six inches 
square, the exciting fluid being very dilute sulphuric and 
nitric acids. 

Davy's description is as follows : ** When pieces of 
charcoal about one inch long and one-sixth of an inch 
in diameter were brought near each other (within the 
thirtieth or fortieth part of an inch), a bright spark was 
produced, and more than half the volume of the charcoal 
became ignited to whiteness ; and, by withdrawing the 
points from each other, a constant discharge took place 
through the heated air in a space equal at least to four 
inches, producing a most brilliant ascending arch of 
light, broad and conical in form in the middle," This 
was evidently a long, flaming and horizontal arc. I find 
this form shown in a book published as late as 1846: 
Davis' Manual of Magnetism. Indeed, I know of no 
more forcible example of the persistency of old ideas 
than is afforded by the accounts given in the books 
concerning the nature of the electric arc. The persist- 
ence of old cuts is also equally exemplified, even down 
to the latest publications, giving pictures of the electric 
arc. The carbons are generally shown crusted over 
with dense masses of impurities melted into globules 
and adhering to their sides (Fig. i). Such figures 
would not now be recognized as resembling arcs formed 
with good, pure carbons, such as must be used for com- 
mercial results in arc work. 

Figs. 2 to 4, inclusive, show the development, at least 
in illustration, concerning the electric arc. 

Fig. 2 is from Davis' Manual, referred to. 

Fig. 3 is one of the figures showing the arc, taken 
from Ganot's Physics, published in 1863, though the 
figure is from the seventh edition, 1886. It is virtually 
the former figure made vertical. 

Fig. 4 is a figure of a modern arc. 
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In regard to the ideas put forward as to the nature of 
the electric arc, there is even a wider divergence than in 
the figures used for representing it. But these views are 
remarkable for their general inaccuracy or crudity, and 
evidently have been handed down with modifications. 
Few of those who have written about the electric arc, at 
least in text-books, seem to have had the courage to look 
at the arc, or they may have seen it '' through a glass 
darkly, and not face to face.'* It would require too many 
and lengthy quotations to give these various views. In 
most of them the light of the arc is attributed to in- 
tensely heated carbon particles transported by the current 
from one pole to the other. In most of them the idea 
of carbon vapor as a possible factor never seems to have 
arisen. Others attribute the arc to the heated air be- 
tween the carbons, which carries carbon particles, some 
of which are burned. 

The following quotation from a book on electric 
lighting, published in 1884, is a type of many such 
accounts : 

''In arc lamps, as we have already stated, the resist- 
ance which converts the current into heat is that of the 
heated air between the ends of two carbon rods, from 
one to the other of which the current passes. The light 
is produced by the incandescence of the ends of the 
carbon poles, and of the minute particles of carbon, 
which become detached and float in the heated air 
between them. The heated air containing the particles 
of carbon forms what is called the electric arc." 

Here the heated air and carbon particles, floating 
therein, are definitely stated to form the '' electric arc." 
Nothing is said of carbon vapor having anything to do 
with it. 

Even the statement that the positive carbon burns 
twice as fast as the negative is very frequently found un- 
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qualified in any way whatever. The experience of the 
lamp trimmer is, I need scarcely say, not in accordance 
therewith, the fact being that the rate of consumption, 
even in direct current arcs with the same size carbon in 
both holders, varied sometimes quite widely from the 
proportions stated. However, we shall make better 
progress if we discard at once the older notions, and, 
adhering only to that modicum of truth which often 
accompanies error, supplant the error by the results of 
our own observations and experiments. My endeavor 
will, therefore, be to state as briefly as I can such views 
of the nature of the electric arc as seem to be borne out 
by observation during many years, and under greatly 
varying conditions of its production. 

Let an attempt be made to separate any part of a 
circuit in which the current is maintained by a sufficient 
electromotive force or potential, and we find that if the 
separated ends are moved quickly we get a flash or spark 
of varying length which becomes a flatne of great heat- 
ing effect if the current be of large rate of flow. If the 
separation of the two parts of the circuit be made slowly, 
a continuous flame or discharge will take place between 
the ends, if they be not too widely separated or not so 
widely separated that the potential or pressure of the 
current is insufficient to force current across the space. 
With considerable potentials and heavy currents a space 
of many inches may thus be bridged. Whether the 
separated ends be of iron, copper, carbon, platinum, zinc 
or other conductor, the hot discharge is still formed. 
Therefore, while the electric arc is generally spoken of 
as that flux occurring between carbon ends separated, of 
course, it cannot be so limited, and we frequently, there- 
fore, refer to copper arcs, iron arcs, carbon arcs, to distin- 
guish one from the other. What, then, is the arc so formed? 
Is it heated air between the ends separated, containing de- 
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tached particles of the conductor in process of carriage, 
as was apparently thought for a long time to be the case ? 
No, the arc proper is composed of a stream of vapor 
rising from the actual boiling or vaporization of the solid 
or fused ends of the separated conductors. In so far as 
the surrounding air mixes or combines with this vapor 
stream it is modified by the presence of oxygen and 
nitrogen, but the air or any other gas is not essential to 
be present and is merely incidental to the formation of 
the true arc stream in air. Indeed, it may seem strange 
to some to speak of vapor of carbon, copper, iron, plat- 
inum, etc., but their production is merely a question of 
temperature in any case. In the electric arc there is a 
real distillation of the conductors forming it and this 
accounts for the variation of color and temperature to 
be found in different arcs. The copper arc evolves a 
peculiar green light which is exceedingly trying to the 
eyes, as those who have experienced its effects well know. 
Zinc gives a whitish blue, while the carbon arc proper is 
purplish in tint. The arcs from various metals give in 
the spectroscope the characteristic lines of the vapor of 
each metal. 

As a curious incident, showing the presence of the 
metal vapor in the arc, I may mention the fact that when 
by accident a person has had a portion of his clothing 
bathed for an instant in a heavy copper arc, caused by a 
short circuit of heavy current mains, there has been found 
a considerable deposit of copper, enough, in some cases, 
to give the reddish color of copper to the surface bathed, 
which, if moistened, turns green by oxidation. It also 
gives a deep blue to dilute ammonia in which it is 
washed, thus showing the presence of copper. In like 
manner these metallic arcs will give a deposit of the 
metal on cold surfaces which they touch. 

It appears to be the positive pole which gives out the 



vapor stream. With carbon the positive vaporizes 
steadily and is consumed much faster than the negative. 
In the use of the arc, however, for lighting we have 
learned to distinguish between what is called a ''short 
arc" and a ''long arc" system. In "short arc" systems 
the carbons are burned much nearer together than in the 
"long arc" systems. Let us suppose the case of two 
carbons touching each other, with a current passing, and 
then that we very slowly separate them, stopping to observe 
effects. When the contact is light before actual separa- 
tion, a visible heating of the meeting ends is seen. On 
attaining a small separation the space between seems 
filled with hot vapor and we have a short arc where the 
separation is perhaps not over two to three one-hun- 
dredths of an inch. There is also noticed an active 
transfer of carbon from the flattened end of the positive 
and a deposition of carbon on the end of the negative 
carbon. This deposited carbon takes the form of a 
mushroom end after a time, and breaks off. Meanwhile, 
combustion goes on at both poles and wears away the 
sides of the positive carbon while the transfer of carbon 
wears away its tip or crater. The burning also wears 
away the negative at the sides, while the tip is built up 
by the mushroom deposit from the arc. But the cutting 
in of the negative finally severs the mushroom tip and it 
falls away. Hence, both carbons are eventually con- 
sumed. To develop a short arc there is required a little 
over half the potential that is needed for a long arc, 
or about 25 volts, more or less, and, therefore, to give out 
equal heat energy in the arc, the current must be double 
in the short arc over what it would be in the long arc. 
The short arc is subject to the objection of a continual 
frying sound emitted and great variations of luminosity ; 
it requires a very dense and hard carbon to conduct the 
current without great loss, and involves line loss of at 
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least four times the amount with the long arc if equal 
gauge wires be used. 

In fact, while in the past such arcs were common, 
their number is diminishing, as they are being replaced 
by the more efficient and completely developed arcs 
called '' long arcs,'' which are so called to distinguish 
them from the ''short arcs." Returning to our separat- 
ing carbons, we find that as the space of the arc is 
lengthened from the ''short arc" condition, we pass a 
stage of great flickering and unsteadiness and a fluct- 
uating potential between the carbons, and then reach the 
stage of production of the "long" or quiet arc. With 
ten amperes the separation may now be about one- 
sixteenth to one-tenth inch or more. Smaller cur- 
rents require less separation and larger ones an in- 
creased separation. At this stage the arc is quiet, 
with good pure carbons very steady, and the 
potential diff'erence remains at about 45 volts, if, of 
course, the carbon is properly fed to make up for com- 
bustion. The perfect arc is really a beautiful phe- 
nomenon. While the positive carbon still loses by 
volatilization from its tip or crater and by combustion 
from its sides, the negative gains no deposit, but wastes 
at a less rate than the other, and by combustion only. 
The carbon vapor carried off from the positive is con- 
sumed by the oxygen of the air before it can deposit on 
the negative. . Hence, the outer zone of flame, which 
can easily be distinguished from the central zone or arc 
flux proper, is probably a zone of combustion similar to 
that existing in ordinary flames. The removal of carbon 
by vaporization from the positive end gives rise to the 
crater or cup which is so prominent a feature of carbon 
arcs produced by continuous currents. The size or area 
of the crater is a rough measure of current strength, but 
varies w^ith different qualities of carbon. With very long 
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arcs the crater, or hollowed end, disappears and the ends 
become rounded. A well formed crater, with the arc or 
flame confined thereto, means usually a steady light, since 
the chief source of light in an electric arc is from the 
positive crater, which shines like a diminutive sun and 
represents the hottest part of the arc. The vapor light 
proper, or flame light, is comparatively very feeble and 
of a purple quality in air. Hence, the arc light is as 
truly an incandescent source of light as is the incandes- 
cent carbon filament, with the difference that to run the 
latter at the temperature of vaporization or boiling point 
of carbon, so to speak, means instant destruction, while 
by the necessities of the case the light obtained from the 
arc is chiefly that emitted from a surface of carbon at its 
temperature of boiling, or, more correctly, of sublimation 
at atmospheric pressures. This temperature is exceed- 
ingly high, and accounts for the well-known superior 
economy in light production of the arc over all other 
kinds of lighting. The temperature of the positive car- 
bon crater is so high that the carbon exists there in a 
soft or plastic condition capable of receiving an impres- 
sion like putty. I have proved this with very large arcs 
of 150 to 200 amperes by suddenly forcing the carbons 
together when the current had been cut off, and finding 
that they would fit each other perfectly, the negative im- 
pressing its form on the positive crater. 

As an interesting fact in this connection, I may state 
that I have been able to bend carbon sticks three- 
sixteenths to one-quarter inch in diameter, by passing 
current through them of sufficient amount to almost 
vaporize the sticks and cause them to emit an intensity 
of light approaching that of the arc. 

These facts would point to the possible fusion of 
carbon into liquid carbon at arc temperature under a 
high pressure of inert gas. No one has yet seen carbon 



173 

in this liquid condition, and the electric arc alone has 
made us acquainted with carbon vapor. One cannot fail 
to be impressed with the fact that the conveyance of 
carbon in the arc has a striking resemblance to a plating 
process, where metal is taken up by the bath from the 
positive plate and deposited on the negative. In the arc, 
the hot vapor stream or flame takes part of the bath and 
probably acts by molecular interchanges of carbon atoms 
in molecules of carbon to cause the transfer which oc- 
curs, just as in the plating bath the molecules of the 
plating compound are polarized and allowed atomic 
interchange which results in conveyance of metal through 
the bath. 

Another curious fact in relation to the arc is the dis- 
tribution of potential in it. Dr. J. A. Fleming has 
recently shown that the difference of potential between 
the positive carbon and the arc flame is about 40 volts, 
aud the few volts which express the difference between 
the flame and the negative make up the total potential, 
say, 45 volts. Hence, the real work of the arc is not in 
the flame ; the energy is not used in overcoming flame 
resistance, but chiefly in vaporizing carbon in the posi- 
tive crater. It is certainly not strange that with 40 volts 
and, say, 10 amperes, or 400 watts expended virtually at 
the crater surface of the positive carbon, the temperature 
and luminous effects should there be so great. 

The distribution of potential in the arc just noted 
was also brought out about the year 1884, in some testi- 
mony in an interference in our patent office, concerning 
an arc lamp cut-out which I had invented, and which 
took advantage of the potential differences between the 
carbons and the arc flame to cut out the lamp when the 
arc was too long. It is, of course, well known that the 
value of an arc light for general illumination is greatly 
enhanced by the fact of the distribution of light being 
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mainly in a downward direction in continuous current 
arcs. This, of course, follows from the fact of the posi- 
tive carbon crater being above, such crater being the 
part from which most of the light comes. 

This matter has been quite thoroughly investigated, 
and many diagrams of distribution are to be found in 
the literature of the subject, as published from time to 
time. They show that with the long arc the maxi- 
mum intensity of light is from 40 degrees to 60 degrees 
downward from the horizontal, and that the horizontal in- 
tensity is generally much less than one-half as great, 
while, of course, the intensity diminishes above the hori- 
zontal direction, and ultimately becomes zero before 
reaching the upward vertical direction. In like manner, 
the approach to the downward vertical from the direc- 
tion of maximum intensity is attended with similar rapid 
diminution. 

The spherical candle power of arc lights would, there- 
fore, be only a fraction of the rated candle power which 
is generally taken at the maximum light obtainable in 
the best direction from the particular arc or kind of arc 
in question. 

For this reason the term 2,000 candle power arc has 
little significance as indicating the illuminating power of 
an arc. It is a convention only, and a poor one at that 
It is now generally taken to mean an arc with 10 
amperes and not less than 45 volts potential difference 
between the carbons, or a 450 watt arc. The quality of 
the carbons will determine whether the 450 watts will 
be expended in obtaining the most light or not, or 
whether that light will have a maximum intensity at one 
angle or another within certain limits. 

When arcs are operated on by alternating currents, 
the effects n\entioned are only partially exhibited, and 
the phenomena of the crater are, of course, masked or 
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obliterated on account of reversal of function of the 
carbons. Unless the alternations are rapid such arcs are 
liable to extinction at the zero points of current, particu- 
larly when run in a draft of air. A strong draft of air 
or a displacing magnetic field may, of course, so disturb 
an arc as to cause its extinguishment. 

In the early years of the growth of arc lighting as a 
means of illumination, the effects obtained were not of 
the best. Unsteadiness was the rule, and it required 
much persistent effort to discover the causes and find 
the remedy. 

The prominent defects were, and, we may add, are 
still, hissing, sputtering, flaming and general unsteadi- 
ness. Hissing or frying comes, of course, with too short 
an arc, and may be connected with too vigorous vapori- 
zation. They may also be due in some cases to a carbon 
of too coarse a grain. Sputtering may arise from 
impurities in the carbons, and flaming from too long 
arcs, from impure carbons, or from carbons insufficiently 
baked and containing unexpelled gases. Running an 
arc at a length between the long arc condition and the 
short arc condition may cause great unsteadiness of light. 
There is, in fact, a critical point in the length, below 
which there is a considerable fall of luminosity and 
a drop of nearly one-third of potential. As an arc 
lengthens by combustion of its carbons beginning below 
this critical point, great unsteadiness will be manifest on 
arriving at the critical state and a little longer arc brings 
about a sudden and very marked increase of potential, 
of illumination and of steadiness. 

An observer may easily detect these conditions with- 
out special effort. The earlier carbons used with arc 
lamps in the United States were both badly conducting, 
impure, and badly made. Copper coating was a neces- 
sity. French or Carr^ carbons were much better, but 
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were too costly to import. The use of the petroleum 
carbon, or the carbon obtained by the carbonization of 
the tarry residue left in the distillation of crude oil, made 
a wonderful difference in the purity of the carbons, and 
improved machinery gave accuracy of form and cheap- 
ness. To one familiar with the former cost of carbons 
for battery arcs the reductions in cost are very striking ; 
carbons three-sixteenths inch square cost a number of 
cents an inch before the year 1878. 

Another important matter in relation to carbons is 
that the size of section or diameter must be proportioned 
to the current used. Where attempts have been made 
to prolong the hours of burning of a carbon by enlarg- 
ing its diameter beyond certain limits, they have resulted 
in injury to the character and distribution of the light. 
Large (Uameters of carbon may burn too blunt to let 
the light out between them. 

Likewise, where attempts have been made to prolong 
the hours of use by employing a harder or denser carbon 
than before, it has frequently been found that a sacrifice 
of light has been incurred, rendering the results much 
less satisfactory. 

One of the chief obstacles to the employment of 
quite small arcs with currents of three or four amperes 
is the difficulty of obtaining suitably uniform carbons. 

Arcs of even as low as two amperes at 45 volts are 
easily produced, and such small arcs might even have 
commercial utility if the difficulties in relation to carbons 
were removed. An arc consuming 90 to 100 watts 
means, of course, about seven to eight to the electrical 
horse power. 

On the other hand, very large or heavy current arcs 
are difficult to control. They are apt to be unstable at 
times, and when they get to hissing, or rather roaring, it 
is difficult to restore quietness and steady action. The 
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introduction of cored carbons for the positive, has, how- 
ever, done much to remedy the difficulty, and, indeed, to 
render it possible to obtain very uniform results from 
arcs in general, wherever such results are indispensable. 
The introduction of the central soft core into the carbon 
seems to locate the arc centrally, hold it from fluttering 
or shifting its position on the end of the positive; in other 
words, the core fixes the position of the crater, and so 
benefits the light. 

It follows, from the fact that the voltage required to 
sustain an arc with large or small currents ranges about 
45 to 50 volts, that the larger the current passing in an 
arc, the less its electrical resistance. Hence, well de- 
veloped arcs with four amperes will have about 1 1 ohms, 
with 10 amperes 4.5 ohms resistance and with 100 
amperes .45 ohms. This fall of resistance with increas- 
ing current is easily explained by the broadening or 
thickening of the arc stream, and the widening of the 
crater on the positive carbon. This widening of the 
crater also gives increased illuminating power without in- 
crease of temperature. It is probable that the actual 
crater temperature is as great in the small arcs as in the 
large ones. In fact, this is implied by the quality of the 
light remaining the same. Nevertheless, the larger the 
arc the greater the economy or the greater light giving 
power per unit of energy. This would naturally be ex- 
pected, as the concentration of heat, and lessened chances 
for escape of heat by convection and conduction, would 
conduce to that result. 

The fall of resistance with increase of current has an 
important bearing on the construction of dynamos for 
arc lighting and the running of lamps on constant poten- 
tial or incandescent circuits, and will be referred to later 
on. Attempts have been made at various times to save 
carbons in arcs by excluding the oxygen of the air, which 
13 
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is the cause of their waste or consumption by burning. 
The gain has not apparently compensated for the disad- 
vantages incurred, particularly as the total exclusion of 
oxygen means that the carbons become blunt. They 
would be prevented from pointing themselves or acquir- 
ing tapered ends by burning, a condition essential to good 
working and distribution of light. Even when the arc 
is formed in a vacuum the carbons, though not burned, 
are slowly consumed, and carbon deposited as a soot on 
the sides of the vacuum chamber, an effect consequent 
upon the vaporized carbon in the arc being carried off 
and condensed again as soon as the vapor escapes the 
heat of the arc stream. 

In fact, I have found it possible to coat objects on 
the inside of a bulb with silver or other metals volatilized 
suddenly by arcs in vacuo, and have obtained in some 
cases coherent brilliant deposits. The metal is raised in 
vapor as a metallic arc and distills and condenses on the 
surfaces near at hand. 

Before passing to the consideration of the running of 
arc lamps in series, or in multiple, and the condition to 
be fulfilled in each case, we may state that although in 
ordinary cases an arc is formed by a single pair of elec- 
trodes or carbons, and by a single circuit current, com- 
pound arcs, or arcs produced by combinations of two or 
more currents, with three or more electrodes, are possible. 
I am not aware that any others than myself have experi- 
mented in this direction. I have, however, produced 
lights with two positives and one negative, with one 
positive carbon or crater and two, three, or more nega- 
tives, and with two positives and two negatives, I have 
caused arcs to cross each other, as when four carbons are 
used, pointing towards a center, the two pairs opposite 
being, respectively, connected with different circuits. In 
this way direct arcs have been, as it were, mixed with 
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alternating arcs and a curious compound effect produced 
by crossing two arcs made with two alternating currents, 
the waves of which are displaced in phase. Without 
going fully into these experiments, I will present 
figures showing two good examples. Fig. 5 is formed 
by two currents sent into a positive Py and dividing, after 
passing the crater, into two streams going to the two 
negatives. In this case the positive crater is fully ex- 
posed horizontally and gives a most intense light in a 
direction forward. Such an arc is well adapted for pro- 
jection by mirrors or lenses. 

Fig. 6 shows the arc formed by crossing two alter- 
nating currents out of phase. In this case there is at 
successive times an exchange of current between all four 
carbons in varying directions, so that the arc flame 
becomes, as it were, a ball or disc of very hot flame 
supported by the four carbons. These experiments have 
not been fully described as yet, owing to the lack of 
time, but they show very well that, even when we have 
fully studied the single, simple arc, we will not then 
have exhausted the subject, as these compound arcs may 
be varied in character to a great extent, and present new 
effects. 

In regard to that portion of our subject which con- 
cerns the use of the electric arc for lighting, it is true 
that there is a wide field before us. I cannot hope to do 
more in this paper than to outline, in addition to the 
considerations already alluded to, some of the other 
prominent features of the subject. It is well known 
that by far the larger proportion of electric arc lights in 
operation are run on circuits of constant current, the 
lights being in series. 

If arc lamps be connected in parallel, as on low 
potential incandescent mains, special devices are required 
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to keep the current supplied to each lamp at the right 
amount. 

It may appear at first to one who has not had occa- 
sion to closely study these matters that, given a constant 
potential circuit of 50 volts, arc lamps requiring 50 volts 
could be connected in multiple or parallel without diffi- 
culty. The fact is, however, that the condition of 
electric arcs, being supplied with a constant potential, 
involves a theoretical impossibility. Theoretically, such 
an arc would take an infinite current and energy. Prac- 
tically, the current in an arc with constant potential 
becomes very heavy, and if the carbons be separated to 
cut the current down, as by a lamp magnet mechanism, 
a condition of fluctuation and instability results. This 
is a direct consequence of the fact before stated, that the 
resistance of an arc is not like a wire resistance, but falls 
with increase of current, and vice versa. For stability, 
the resistance should not be dependent wholly on the 
current passing. To remedy the instability a resistance, 
known as a *' choking coil" or *' sluggishing coil," is 
inserted in the arc branch and the potential raised, say, 
to 65 or 70 volts. Under these conditions, that is, with 
a resistance taking up 1 5 to 20 volts, in series with the 
arc, it may be run in multiple with incandescent lamps 
or with other arcs. There is, however, a waste of energy 
equal to the product of the current strength by the loss 
of potential, 15 to 20 volts, in the resistance. A great 
deal of useless experimenting has been, and probably is 
yet, carried on with the vain endeavor of getting rid of 
the resistance or choking coil in this case, but the 
difficulty is inherent in the nature of the arc, the relation 
of resistance to current giving rise to instability of cur- 
rent in the arc. 

Similarly, not all dynamos, even if of sufficient 
potential, will run arc lamps in series. Arc machines 
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require special properties, or the current will be unstable 
and the light will fluctuate or *' surge," as w^e sometimes 
call it, possibly to an extent amounting to extinction and 
relightings, occurring at short periods apart. This action, 
like the other, is dependent on the relation of current 
and resistance as inherent in electric arcs, and the series 
of lights would, in each case, require dead resistance up 
to a certain amount in circuit to render the current 
stable. Then, whether a series be operated or a single 
arc be operated, either a dead resistance must exist in 
circuit or the current supplying apparatus must have 
special properties. The arcs produced from batteries 
were stable because the resistance of the battery itself 
was sufficient to ensure this. Arcs are not stable as fed 
from accumulators of very low internal resistance unless 
the arc is one of enormous current. 

Briefly, the property required to be possessed by an 
arc dynamo is that as its current rises above the normal 
the electromotive force must fall, and as the current 
diminishes to a little below the normal the electromotive 
force of the' dynamo must rise. It is not sufficient to 
secure this changing electromotive force by regulators, 
as they are generally behind time for causing stability of 
current, however well they may operate to regulate for 
varying numbers of arcs in the series to be supplied. 

The properties of dynamos are sometimes expressed 
by what are called '' characteristics," or '' characteristic 
curves," obtained, for example, by laying off vertically, or 
on the ordinates, the electromotive forces corresponding 
to varying currents given out by a machine, which cur- 
rents are laid off horizontally, or as abscissae. In arc 
machines the curve so produced is convex upward and 
droops at its outer end dy Fig. 7. Assuming normal 
current at 10 amperes and an electromotive force of 500 
volts, at I J amperes the electromotive force may have 
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changing the field magnet strength by automatic mechan- 
ism, weakening the field when lamps are cut out and 
strengthening it when lamps are added to the circuit. 
Another means of regulation is the rotation of the com- 
mutator or brushes so as to take current from positions 
corresponding to increased or decreased electromotive 
force in such a way that the current obtained is constant, 
The former method first appeared in the Brush arc 
apparatus, and the automatic commutator brush move- 
ment in the Thomson-Houston machines. The latter 
method renders the machine completely automatic under 
variations of load, while in the former there still is re- 
quired a manual spark adjustment in the brushes as the 
field magnet is altered in force under different loads. 
The two methods were subsequently combined by the 
writer in conjunction with Mr. E. W. Rice, Jr., in such 
a way that the necessary brush adjustments were made 
automatically at the same time with the variations of the 
field under different loads. This combined method has 
been used for some time past in the Excelsior machine 
constructed under the patents and designs of Mr. Hoch- 
hausen, whose name is so well known in connection with 
arc lighting and plating and other electric apparatus in 
this country. On account of the fact that with the 
addition of arc lights in a series a higher and higher 
potential difference is required at the terminals of the 
dynamo, it becomes a question how far this increase may 
properly be carried. It is not unusual in the present 
practice to run from 50 to 60 lights in a series, each de- 
manding from- 45 to 50 volts, or a total of, say, 3,000 
volts. In going beyond this amount the difficulties of 
insulation are greatly increased, as well as the dangers of 
high potentials, while the consequent risk of breakdowns 
resulting from failure of insulation or leakage are 
often sufficient to offset any saving of wire conductor 
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that might be obtained by running more lights in series. 
Instances have occurred in which, with ordinary wiring 
and precautions, 1 20 to 1 50 arcs have been run for days 
together, but such a practice is to be condemned as in- 
volving hazard of all kinds. 

It has been supposed by some electricians that there 
existed a peculiar fitness for arc lighting in series in 
dynamos of the open coil type, such as the Brush or Thom- 
son-Houston, over those of the closed coil type, such as 
the Gramme or Siemens forms. Whilst, personally, I 
have never been. prepared to admit this peculiar fitness, 
constructors of machines of the closed coil types have 
certainly succeeded in removing any doubts on that 
score. Mr. J. J. Wood has, in building his form of 
Gramme machine up to the highest capacities for series 
work, taken a leading position in this respect. In fact, 
the simplicity of the commutator and the ease of insula- 
tion of machines of the open coil type undoubtedly 
rendered them more capable of retaining insulation at 
high potentials than the early commutators with numer- 
ous segments used on Gramme and Siemens machines, 
as such commutators were first constructed. Likewise, 
improved methods of insulation and winding have gone 
far to put both types of machine far in advance of what 
they were formerly. While on this subject of arc 
machines,/ it may be well to say a few words as to 
the action of flashing, which can occur in all ma- 
chines of high potential under certain conditions. In 
the first place, the term flashing, as here used, is not 
intended to refer to sparking at the commutator, but 
rather to a flash or continued spark carried over during 
revolution of the armature from one brush towards the 
Qther, either all around the commutator or part way 
only. This action occurs when any two successive seg- 
ments in the commutator continue their discharge, one 
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towards the other, over the insulating space between them 
during a considerable part of the revolution. An arc 
forms in the slots or between segments and moves with 
them. This action, while not very damaging where the 
segments are massive and insulated with air spaces, is 
more serious with insulation filling between the seg- 
ments, as it is apt to cause a burning out, and either 
short circuits the armature coil sections by connecting 
the segments, or seriously roughens the edges of the 
segments and the face of the commutator. 

Bad setting of brushes may cause sparking as well 
as flashing ; and dirt, in some cases, or too much oil 
may cause it. Slipping of belts or sudden fluctuations 
of speed may also provoke it. Or a machine, over- 
loaded, may flash by an opening of the circuit due to 
too many lamps, the electromotive force required for 
which number the machine cannot maintain. The pres- 
ence in a circuit of one or more lamps which do not 
feed properly may cause momentary cessations of current 
and flashing to occur, especially when the machine is 
carrying its full load. With all arc circuits there should, 
of course, be a surplusage of capacity in the dynamo, 
L e.y the machine should not be run to the limit of its 
electromotive force. It has become customary with the 
best makers to so rate this capacity that there will always 
be a margin of excess to meet contingencies. The line 
resistance may, of course, be, in the case of long circuits, 
such as to cut down to a considerable extent the work- 
ing capacity or number of lamps in series which can be 
run from the dynamo, and due allowance should always 
be made for this resistance in estimating the true capacity. 
Instances are not uncommon in which by improving the 
contacts of switches, hangers, joints, etc., a gain of two 
or three lamps may be made in circuits of 50 or more 
lamps in series. An improvement in the insulation of a 
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line will often have a similar effect in adding to the 
apparent capacity. 

I had intended at the outset of this paper to discuss 
in a general way the question of the different types or 
classes of lamps used for arc lighting. It is a depart- 
ment of the subject which is of considerable importance, 
but I find that the paper has become too long already, 
and for the present I will simply allude to one or two 
general features. Concerning the manner of feeding the 
carbons, the mechanisms in use may roughly be divided 
into clutch and gear mechanisms. Among clutch 
mechanisms we find certain well known forms, while the 
gear mechanisms best known are of the escapement order. 
Both types have undergone many modifications, and 
combinations of the two exist. 

Whether one or the other type is to be selected will de- 
pend largely on the conditions of use, assuming both to 
be equally well constructed and kept clean. Into these 
questions, however, we cannot now enter. 

Arc lamps may also be divided according to the way 
in which the magnet system acts to control the feed of 
the carbon. Before arc lamps were run in series it was 
sufficient to have the controlling magnet in the main cir- 
cuit and this was the case in almost all the older forms 
of lamps. The Lacassagne & Thiers lamp of 1856 was a 
notable exception in that the control of the feed was 
differential, or dependent on the difference of power be- 
tween a main circuit coil and a high resistance shunt cir- 
cuit around the arc. 

1 have, in fact, made an exact reproduction of the 
Lacassagne & Thiers lamp, according to their patent 
specification, and have found that its action is per- 
fect when used in series with other lamps, except that it 
requires to be helped to separate its carbons. If the car- 
bons are quite pointed at the start even this is unneces- 
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sary, as the points soon heat and burn away and form 
the arc. The feeding depends on the flow of mercury 
through a small valve, which is adjusted by the differen- 
tial magnet system, and the feeding is so continuous and 
imperceptible that the arc is beautifully steady and con- 
stant in length. 

At the present time the differential lamp magnet sys- 
tem is of several kinds, according to the relative disposi- 
tion of the main and shunt coils. 

In the commercial Brush arc lamp they are disposed 
one over the other on the same axis and affecting the 
same magnetic cores. The only objection to this dis- 
position, which has the advantage of simplicity, is that 
the shunt circuit can never act positively to feed the car- 
bons or release the clutch or gear, but can only weaken 
the effect of the main coil or overpower its lifting or 
separating action on the carbons. 

Other forms of differential lamp embody two circuits 
acting on separate magnets pulling in opposite directions, 
the main circuit to separate the carbons and the shunt to 
feed them. In this case the action of the shunt is more 
definite and positive, as it is not limited simply to over- 
coming the force of the direct or the main magnet. 

A third arrangement involves the application of the 
repulsive action of the two coils, as when the direct coil 
is wound on a fixed magnet, and the other, or shunt, • 
upon the feed controlling armature therefor and tending 
to cause repulsion of the armature from the main mag- 
net. This arrangement is both simple and positive in 
its action. 

The differential types of lamp act well wheri the cir- 
cuit current is kept constant and require re-adjustment 
generally for each change of current strength by which 
they may be operated. Hence, if a portion of a line be 
leaky the lights are apt to burn badly, owing to dimin- 
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ished current, while the dynamo may be furnishing full 
current. Of course, such a line ought to be condemned 
and its insulation improved. Nevertheless, I have fre- 
quently seen lights suffer from leakage on extended cir- 
cuits in cities, especially in very wet weather. This is a 
state of things which the line superintendent can do 
more than any one else to correct, by attending to the 
correct disposition of the wiring, and its character as re- 
gards leaks. 

The type of arc lamp in which the shunt magnet 
alone controls the feed of the carbons is not sensitive to 
slight variations of current, but maintains a full quiet arc 
with the current it gets. This is because the main cur- 
rent is not concerned in the feeding action, but the action 
is solely dependent on the potential difference of the car- 
bons. Hence, its behavior is, on the whole, more uniform 
than the differential type, and, within limits, it does not 
require re-adjustment for different current strengths. 

This principle has been extensively introduced in the 
Thomson-Rice lamp of the Thomson-Houston Com- 
pany. In this lamp the carbons are separate at the start 
and are brought together on the first passage of the cur- 
rent, after which they separate solely under the influence 
of the shunt circuit magnet and the feed is likewise con- 
trolled thereby. The carbons in these lamps are not so 
apt to slide by, or alongside, each other by jarring when 
no current is on the lamp, as may occur, particularly with 
careless trimming, in those lamps in which the full 
weight of the upper holder and carbon must be borne by 
the under carbon when the lamp is not lighted. . 

Arc lamps have been made with many variations in 
the magnetic arrangements controlling the carbons, a 
brief statement of some of which is as follows : 

Carbons lifted or separated by direct or main magnet ; 



190 

shunt magnet acting on a variable resistance to cut out 
the main magnet in feeding. 

Carbons lifted by main magnet as before; shunt acting 
to put the main magnet (made movable) into position 
for feeding. 

Carbons separated by main magnet armature ; shunt 
circuit magnet acting to divert or shunt the magnetism 
of the main magnet from its armature. 

Carbons separated by main magnet; shunt acting 
to free the carbon holder independently of the support 
given by the main magnet. 

Carbons separated by a spring and allowed to act by 
the main magnet lifting a weight which otherwise holds 
the spring from acting ; shunt magnet acts against the 
spring to feed and regulate length of arc. 

One carbon, generally the lower, separated by main 
magnet, while the other holder is released for feeding 
only, such feeding being under the control either of a 
differential system or a shunt magnet only. 

Carbons separated by main magnet which lifts the 
shunt and its armature together, while the shunt magnet 
armature, acting on the feeding mechanism, controls the 
arc and feed of the carbons. 

Carbon feeding mechanism independently attached 
to main magnet armature and to shunt armature, so as 
to receive opposite movements of separation and feed 
from each, respectively. 

Carbons separated by a feeding mechanism moved 
by the main magnet, and fed by a further movement of 
said mechanism, causing release or return of same under 
the accumulated force of both shunt and main magnets 
acting in the same direction. 

Differential clock gear for separation and feed of 
carbons under control of the regulating system, either 
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simple or differential. Some of the older clock-work 
lamps embodied this principle. 

Carbons controlled by armature of a small electric 
motor under control of a differential field which turns 
the armature in one direction for separating, and in the 
other, or reversed, direction for feeding the carbons. 
Tchikoleff s early lamp was of this type. 

Carbons controlled by a motor running at a certain 
speed when the arc is of normal length, and varying in 
speed when the arc is too short or too long, combined 
with a centrifugal governor on the shaft of the motor 
acting on variations of speed to gear motor shaft to 
screw carbons together or apart, as needed, to maintain 
the normal arc. This mechanism has been applied by 
me to large arc lamps, such as naval search-lights, and 
has the advantage of great positiveness and an ability to 
handle heavy mechanism. 

There* are also a considerable number of modifications 
from these principles stated, which cannot be referred to 
here. 

Another excellent mechanism, and one of the most 
powerful and positive in feeding the carbon, embodies a 
main magnet separating the carbons and striking the 
arc, and an intermittently acting shunt magnet for work- 
ing a pawl which by a suitable gearing, forces the feed- 
ing action or approach of the carbons as required. I 
have used an endless screw gearing with the pawl acting 
on a rachet wheel to turn the screw, the worm wheel 
being on a shaft carrying a pinion meshing into a rack 
on the carbon rod. The worm wheel gearing is lifted 
by the main magnet to strike the arc, and the shunt 
magnet in operating its pawl breaks its own circuit and 
repeats its feeding action as often as may be necessary. 

It is interesting to note in this connection that I have 
built such lamps in which each feeding movement of the 



192 

carbon is not over one-five-thousandth of an inch and 
that if the upper carbon rod is held in a vise the mechan- 
ism will lift the whole lamp of about 20 pounds weight 
in feeding, so positive is the action. At the same time, 
the length of the arc is maintained constant at all times. 
With so slight and yet positive a feeding action the feed 
takes place almost continuously. 

In the foregoing brief review many matters have been 
simply touched upon which might readily have been 
singly expanded into a paper as long as the present one. 
Material enough now certainly exists, and could be col- 
lected, for making a good technical work dealing with 
the science and practice of arc lighting. My purpose 
will have been fulfilled if I have succeeded in the present 
paper in adding some things of interest and instruction 
concerning this general subject from the standpoint of 
one who has constructed very many forms of apparatus 
for arc work, and who has had a continuous and growing 
experience with such work, from its beginning up to the 
present great commercial expansion. 

The President : This is a very interesting paper to 
which we have just listened. Are there any remarks ? 

Mr. M. M. Garver, of Newark : I have listened 
with a great deal of pleasure to the able paper by Pro- 
fessor Thomson, and especially in regard to the view that 
the arc is constituted of incandescent carbon vapor. It 
may be of interest to this Association to know that we 
have from purely theoretical means a clue to the tem- 
perature of the carbon vapor. We have no direct 
means of measuring it. About ten years ago, in study- 
ing the subject of the generation of water-gas, I came 
across a clue of this character. There are two com- 
pounds of carbon in the form of a gas, containing 
different amounts of carbon. In one the carbon is 
totally consumed. In the other it is partially consumed. 
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By taking account of the different heating capacities of 
the two gases, as determined by the galvanometer power 
of pure carbon and the gas which is but partially con- 
sumed, divided by the specific gravity of the gas, we get 
in the neighborhood of ten or twelve thousand degrees 
of Fahrenheit for the vaporization of carbon. This, of 
course, is assuming that the specific heat of carbon is the 
same at the higher temperature as at the lower, and takes 
no account of testing through the liquid state. 

The President : If there are no further remarks, 
we will proceed to the next order of business. 
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The President: We will now listen to the report 
of the Committee on the Proper Lighting Power of 
Incandescent Lamps — Dr. Louis Bell, Chairman. 

PROPER LIGHTING POWER OF INCANDES- 
CENT LAMPS. 



Dr. Bell : Mr. President and Gentlemen : Your 
Committee had not proceeded very far in the investiga- 
tion of its topic before it discovered that the topic was 
growing, and growing with a prodigious rapidity, so that 
we have been able to formulate, so to speak, only a par- 
tial report, a report that necessarily must leave untouched 
many things we would have wished to touch, but which 
we hope embodies certain suggestions that may be of 
interest to those who have occasion to use incandescent 
lamps. 

In the first place, the necessity for some legitimate 
rating of the candle power of incandescent lamps be- 
comes . evident in the experience of nearly every cen- 
tral station manager who is enterprising enough to 
keep track of the lamps he is using. At the last Con- 
vention of this Association your President gave some 
admirable samples of the way in which the candle power 
of alleged i6 candle power lamps varied anywhere from 
1 6 to 1 8. Now, evidently it is both for the interest of 
the central station man and of the consumer that each 
should know exactly what is intended by a i6 candle 
power globe. It should not be left to the choice of the 
lamp manufacturer to make any sort of incandescent 
lamp he fancies and label it i6 candle power. There 
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have been improvements in this direction, as every cen- 
tral station man knows, although the manufacture of 
incandescent lamps has been very much improved, as we 
all know. 

Now, the questions that came up were about as fol- 
lows : How should we classify the power of incandes- 
cent lamps at all ? Shall we classify it entirely by the 
candle power ; or, if not the candle power, to what 
standard shall we refer the light ? Shall we classify it by 
what is consumed, with specifications for efficiency, or 
by the watts consumed by the specifications, and the 
candle power, which give themselves the limitation of 
efficiency ? After a considerable amount of deliberation 
—aided, I am glad to say, by consultations with a large 
number of gentlemen who are practical experts in incan- 
descent lamp matters — your Committee came to the 
conclusion that the last mentioned method of classifi- 
cation was the simplest one to enforce ; that is, incan- 
descent lamps should be classified by the watts consumed, 
the actual power for which the consumer pays ; but with 
the specification as to candle power that limits the 
efficiency of the lamp to practical values. By practical 
values I mean such as will not, on the one hand, pro- 
duce an inordinate waste of energy, or, on the other hand, 
force a lamp far above its proper candle power and, con- 
sequently, burn it out. The interest of the lamp manu- 
facturer evidently lies toward greater efficiency, because, 
by producing a very efficient lamp, one which will give a 
large candle power on a small consumption of watts, he 
is enabled, in the first place, to give a fine, brilliant light, 
satisfy consumers, and, in the second place, to point with 
some pride to a reality of power. Unfortunately, when 
this tendency is carried beyond a certain point, as every 
practical man knows, the life of the lamp is enormously 
shortened. A lamp which will burn for i,ooo or 1,500 
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hours at a moderate efficiency, if forced to a very high 
efficiency, will burn a very much shorter time. 

Now, having determined the proper way, in general, 
of classifying incandescent lamps, then arose the all im- 
portant question of the proper limits to be set. We 
have been so long used to speaking of and dealing in 16 
candle power lamps that it seemed inadvisable to 
abandon that standard. Given, then, the proposition 
that we are to have a 16 candle power lamp — a candle 
power that has been sanctioned by very long use — what 
do we mean by that 16 candle power? Do we mean 
that the lamp shall give 16 candle power in a determined 
direction? 16 candle power means horizontal illumina- 
tion, or what ? Inasmuch as the horizontal illuminosity 
is that with which we have to do in these cases, your 
Committee was emphatically of the opinion that the 
mean horizontal candle power should be specified, in 
other words, that the normal 16 candle power limit 
should give 16 candle power, taking the average of the 
horizontal illumination. 

Next came the question of practical limits within 
which the candle power might be allowed to vary. Of 
course, if we tie ourselves down to a candle power of 
mean horizontal intensity, we will be establishing a stand- 
ard which no lamp manufacturer could approach. In 
other words, it would be commercially impracticable to 
make a large number of lamps at a low price and have 
the candle power of each one exactly the same — certain 
limits have to be set. 

Taking the lamps as they are, we find, in actual prac- 
tice, we have to set those limits possibly seven or eight, 
possibly six limits, on each side of the 16 candle power. 
Those limits your Committee found to be entirely too 
wide, and therefore it entered into consultation with lamp 
makers for the purpose of finding how close to 16 candle 
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power the limits could be set and yet leave the manu- 
facturer a simple and practical process. The result of 
this deliberation was to settle upon about one candle 
power on either side of i6, as, on the one hand, the 
largest variation which we cared to admit in defining a 
normal lamp, and, on the other hand, being a variation 
which comes easily within the lines of the commercial 
manufactures. 

Those two points determined, next came the un- 
fortunate question of efficiency, as to the possible effi- 
ciency of incandescentl amps. Given a reasonably long 
life, there are as many opinions as there are makers of 
lamps, besides a very few stray opinions advanced by 
theorists, and still fewer advanced by practical men. A 
large amount of consultation was had on this topic. 
Some of the experts in lamp matters advocate the use 
systematically of lamps giving the candle power on not 
less than four volts. Others loudly proclaim that three 
or two and a half volts is quite a practical and reason- 
able figure. ' In this regard I shall have to appeal to 
the central station manager. Your Committee was 
necessarily at sea, to a certain extent, in determining this 
particular point ; but after a large amount of consulta- 
tion, both with central station men and with lamp man- 
ufacturers and experts, it would suggest that for the 
average central station to use, taking into account the 
fact that sometimes we are supplying lamps by contract 
and sometimes by meter, an efficiency of less than four 
watts per candle power is undesirable, particularly if 
the electricity is furnished by meter. When the con- 
sumer has to pay for more than four watts per candle 
power, he becomes inclined to kick and object seriously 
to the bills. 

Then, as to the inferior limit of efficiency. On how 
small a number of volts is it possible to produce the 
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candle power and at the same time have a lamp of reason- 
ably long life and giving a reasonably uniform efficiency 
throughout its light ? The very best commercial practice 
seems to set the figure a little over three watts. With- 
out specifying, then, the efficiency for a normal standard 
lamp, your Committee would suggest that a lamp giving 
over 15, and not over 17, mean horizontal candle power, 
on a consumption of less than 60 and not less than 55 
watts, represents the average conditions of central station 
practice perhaps better than any limit that could 
readily be found. 

I am quite aware that in stating this 55 watts limit 
your Committee is running in the face of opinions which 
are entitled to some credit, but I would call the attention 
of any one who objects to that limit, to the fact that 
with this normal standard lamp, as thus defined, if a 
lamp can be produced giving the candle power with 
good life on a little over three watts it still falls within 
the standard. The effect in that case would simply be 
this : That the manufacturer who could produce a lamp 
giving the candle power well and steadily on a little over 
three watts, would furnish, as the standard lamp, a lamp 
which would come very near to the 1 7 candle power 
limit. In other words, he would get the credit for 
having a little brighter lamp than some of his contem- 
poraries, and so would not, in any way, suffer by the 
establishment of that standard. 

This suggestion for a normal standard incandescent 
lamp is the best that your Committee is able, as yet, to 
bring forward, and we trust that it will fall reasonably 
near the limits that most of the members of the Asso- 
ciation have found in their actual practice. 

Now, as to determining the mean horizontal candle 
power, on which our standard lamp should be based. 
Several difficulties were encountered in the beginning of 
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this work. In the first place, the distribution of light 
that is given by an incandescent lamp is not altogether 
uniform. In lamps with twisted filaments the distribu- 
tion is very uniform. In lamps of straight filaments, of 
round section, fairly uniform. In lamps of straight fila- 
ments, of square, or nearly square, section, it was some- 
thing like that (indicating on diagram), showing the 
maximum at 45 degrees from the plane of filament. 
When filaments of rectangular section are employed, 
with a considerable difference of the length of the sides 
of the rectangular, the distribution may become almost 
anything, varying in the most erratic fashions, as you 
may see on this diagram. 

Now, for all lamps giving a uniform distribution, a 
single reading on the photometer is enough to deter- 
mine the candle power. In almost all of the twisted 
filament lamps, a single reading will determine the mean 
horizontal candle power closely enough for all practical 
purposes. When a lamp of this description is reached, 
a single reading might or might not be fair to the lamp. 
If the reading were taken at this point (indicating on 
diagram), it would be altogether too fair to the lamp, 
because a lamp which would give 16 candle power 45 
degrees off the filament, would give nothing like 16 
candle power mean horizontal intensity ; in other words, 
it would be measured at the maximum point. Contra- 
riwise, measuring off the face of the filament would be 
very unfair to the lamp. In lamps of this general con- 
struction — and there are more than one make of them 
on the market — in reading off the edge of the filament, 
it will give in nearly every case a very close approxima- 
tion to the average horizontal power. If one has a 
regular photometer at hand, three readings, at 1 20 
degrees apart, taken anywhere on the lamps that they 
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happen to have, will give an approximation, which in 
every case is correct within one per cent. 

Now, taking a worse case of distribution (here Dr. 
Bell showed another diagram), you see the difficulties 
are even greater. Here the irregular circle is the actual 
distribution of the light, the outer circle is the mean 
horizontal intensity, and the inner circle is the alleged 
candle power of the lamp. I may state, in passing, that 
this particular make of lamp is now no longer manufac- 
tured, so that I won't be treading on the toes of anybody 
present. In that case no reasonable accommodation 
readings would give the mean horizontal intensity. For 
all practical lamps — in fact, for nearly all of them now 
used — one reading will give a very close approximation, 
taken anywhere in the case of the twisted filament lamp. 
Taken either with filament edge, on or about 30 degrees 
off that point, in the case of lamps having a squarish 
distribution, and in the lamps of more irregular char- 
acter, it is only fair to say that one reading is not 
enough. 

There is one way, however, of determining the mean 
horizontal candle power, and that is by spinning the 
lamp about an axis as it is being tested. If the lamp be 
rounded in a socket, and spun rapidly on its own axis, 
the mean horizontal candle power would be obtained at 
once, if the velocity of spinning rises above a certain 
point — above 300 or 400 turns a minute. This has been 
tried several times with more or less success. It is tried 
in, at least, one lamp factory with uniform and unvary- 
ing success, and it is certainly worth trying in case we 
have to deal with very irregular lamps. 

Now (here Dr. Bell takes up another diagram), ap- 
preciating the fact that the average central station man 
has not an elaborate photometer and usually has no man 
whom he can train up to do accurate photometer work. 
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your Committee suggest the use of a lamp tester ; its 
purpose being to see whether the lamp falls within the 
standard limits as just defined. For that purpose a 
cheap and simple apparatus is all that is necessary. Take 
a board about 7 feet long. At about its middle point 
saw half way through the board and stick in the saw, 
cut a piece of tin painted black, about eight inches 
square, or of any convenient size, in fact, with a two 
inch circular hole cut through it. Over that hole put 
the photometer disc, merely a piece of thin paper, with 
an oil spot. Just 36 inches from that photometer disc 
place a lamp socket which can be twisted around its 
axis, fitting through the hole to carry the socket of the 
lamp which is to be tested. At the other end of the 
board cut a slot, and on a little slide set a lamp socket 
for a standard lamp. Make the slot of such a length 
that when the slide that carries the lamp is pushed up to 
its nearest point to the screen it shall be distant from it 
3411 inches. Make the other end of the slot far enough 
over so that when the lamp is pushed to that extreme 
end it shall be distant from the screen 37^^- inches. The 
latter situation will correspond to the 1 5 candle power 
lamp to be tested ; the former position to the 1 7 candle 
power lamp to be tested. As regards standard lamps, if 
you are fortunate enough to be near a laboratory it is not 
a difficult matter to get a 16 candle power lamp of the 
voltage you use, giving preferred 16 candle power right 
off the plane of the filament. I wrote personally to Dr. 
Duncan, of Johns-Hopkins University, asking whether 
they could furnish standard lamps from their testing 
bureau. I regret to say that I have not yet heard from 
them, but doubtless their testing bureau will be able to 
furnish lamps which should give directly off the plane of 
the filament 16 candle power. These would serve as 
standard. With that apparatus fitted with measuring 
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instruments, lamp testing can be carried on with great 
rapidity. The lamp to be tested and the standard lamp 
should both be on the same circuit in parallel ; conse- 
quently, exposed to the same voltage. The rheostats in 
the series are prepared so that the voltage can be brought 
to the point intended. Measuring instruments of any 
kind that you have at hand will give the consumption 
in watts. Then placing the lamp to be tested in its 
socket and turning on the standard lamps, look at the 
photometer disc from this direction (indicating). If 
the lamp to be tested, then, is within the standard limits 
— that is to say, is under 17 candle power — when the 
standard lamp is pulled to the nearer end of the slot, the 
oil spot on the photometer disc will appear bright and 
lighter than the surrounding paper. Pushing the stand- 
ard lamp to the further end of the slot it should appear 
dark, if the lamp being tested is within the normal 
standard. Thus, no setting is required. There are two 
positive things to be seen, one at each end of the slot. 
The photometer side should appear bright at one end 
and dark at the other, if the lamp is of the proper candle 
power. This avoids the difficulties of exact settings, 
and I think in most cases will eliminate the personal 
error that is sometimes very vexatious. 

It was felt by your Committee that some such device 
was necessary in order to prevent the careless photometer 
work on the part of the linemen and the station man to 
whom the thing might be intrusted. It is very rarely 
that the manager of a station himself has the time or 
cares to go to the trouble of going through this testing 
himself, and it is not always practical to secure a thor- 
oughly competent man to do it. So the intention of 
the Committee was to devise a lamp tester which should 
define the maximum and minimum range allowed with- 
out requiring an exact setting. 
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Therefore, Mr. President, I will leave the report for 
any member of the Association to ask any question 
about it that may be desired. (Applause.) 



The President : Are there any remarks on this 
subject ? As there does not seem to be any, the next 
business will be a report from the Committee on Legis- 
lation, and Judge Armstrong will make the report. 

REPORT OF THE COMMITTEE ON 

LEGISLATION. 



Judge Armstrong : Mr. President and gentlemen: 
In making the report of this Committee; I will state 
that it was the idea at the outset to have a representative 
on the Committee from each State in the Union, to receive 
at the headquarters of the Convention, the Secretary's 
office, a report of all matters of legislation pending in 
the various State Legislatures. Very few, if any, of the 
reports have been received. So that, I presume, it is 
safe to apprehend that very little legislation outside of 
the ordinary course has been, or is being, attempted, 
The most of the State Legislatures being now in session, 
of course, the report cannot be and is not as we should 
be able to have it at a Summer Convention. In our 
own State, New Jersey, the regular line of bills to bury all 
wires underground, to put them loo feet above ground, 
and to carry them along in various ways, are in — they 
are always there. (Laughter.) They have a peculiar 
name, not entirely complimentary or polite to the legis- 
latures to call it, and so in my report I will say nothing 
about what we usually know them as. (Laughter.) 

In making this report, I presume, we all, as represen- 
tatives of companies, must remember that we have more 
than a commercial duty to perform. No electric light 
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company supplying light can claim to be entirely or 
solely an independent business corporation. Every one 
of us has assumed f©r his company certain public duties 
and responsibilities. When my company engages to 
light a city, it has engaged in a very serious responsibility. 
We, therefore, are more or less reasonably subject to 
legislation and legislative enactments, from municipali- 
ties, as well as from States and State Legislatures. Being 
so, there is grave danger, however, that some license, 
some power, properly given, may be carried to danger- 
ous and injurious accessions from mistaken zeal or other 
reasons. 

I have a report here from Mr. George C. Maynard, 
from the District of Columbia, in which he says : 

Report of the National Committee on Legislation. 

Section for the District of Columbia, by George 
C. Maynard, Member of Committee. 

It has been my special duty to look after Senate Bill, 
No. 4,329, introduced by Senator Hale on the 15th of 
August, 1890, and referred to the Committee on 
Census. 

A copy of memorials adopted at the Twelfth Con- 
vention, was mailed to all members of the Association 
and to Boards of Trade and commercial bodies, from the 
office of the Secretary, in New York. In addition to 
these, 500 copies were mailed from Washington to 
various other persons and corporations. 

Resolutions strongly urging the passage of the Bill, 
adopted by the following named organizations, have 
been presented to the Senate and referred to the Census 
Committee : 

National Board of Trade and Transportation,New York City- 
Indianapolis Board of Trade, Indianapolis, Ind. 
Master Builders' Exchange, Philadelphia, Pa. 
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Chamber of Commerce, New Haven, Conn. 
Merchants' Exchange, St. Louis, Mo. 
Retail Grocers' Association, Lincoln, Neb. 
Commercial Club, Kansas City, Mo. 
Association of Edison Illuminating Companies. 
Norwich Board of Trade, Omaha, Neb. 
Wilkes Barre Board of Trade, Wilkes Barre, Pa. 

In response to the memorials sent from Washington, 
I received from a considerable number of prominent 
companies and individuals communications stating that 
special personal appeals had been made to senators and 
representatives, asking their support of the Bill. 

Accompanying these replies were copies of letters 
from many senators promising their cordial support of 
the measure whenever it should come up. 

These communications were from : 

The Standard Underground Cable Co., Pittsburgh, Pa. 

The Utica Electric Co., Utica, N. Y. 

Citizens' Illuminating* Co., Brooklyn, N. Y. 

Wheeling Electrical Co., Wheeling, W. Va. 

The Simplex Electrical Co., Boston, Mass. 

J. J. Burleigh, Camden, N. J. 

William B. Wilson, Philadelphia, Pa. 

F. B. Knight, Austin, Texas. 

George N. Stone, Cincinnati, Ohio. 

M. B. Leonard, Richmond, Va. 

H. B. Chamberlain, Denver, Colo. 

George M. Dugan, Jackson, Tenn. 

Noah H. Cheever, Ann Arbor, Mich. 

In addition to this work, which is of record, a great 
deal has been done by members of the Association and 
others, by private letters too, or personal interviews with 
senators or representatives. 

So far as I learned, not a single congressman has 
made any objection to it, and nothing but the extra- 
ordinary pressure of important business has prevented 
its passage. It may reasonably be expected that the 
Bill will pass at this or the next Congress. 
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The Illinois Electric Lighting Association has sent 
out to its various companies a circular referring to mat- 
ters of legislation in the State Legislature of that State, 
which is now engaging their attention, as follows : 

Illinois Electric Lighting Association, 
53 Dearborn Street, Chicago, Jan. 17th, 1891. 

Gentlemen : — An effort will be made at the present 
session of the State Legislature to pass a Bill authoriz- 
ing cities and towns in Illinois to operate electric light- 
ing and power plants for the purpose of commercial, as 
well as municipal lighting. 

The injury to our mutual interests which would re- 
sult from any such legislation is too apparent to call for 
special comment. One and all of us who have invest- 
ments in electrical central stations are deeply concerned 
in the defeat of any measure which so palpably aims at 
our very existence. The urgency of the situation de- 
mands immediate and united action on the part of all 
concerned in electrical distribution. The passage of such 
a Bill means the practical destruction of our capital, and 
if any efforts on bur part can avail to thwart this move- 
ment, now is the time to put them forth for the sake of 
preservation. 

If each one of us will use the influence he may be 
possessed of with the local representative to the Legisla- 
ture, and if each company will lay the facts before the 
Board of Directors and induce them to bring the weight 
of their arguments to bear upon our legislators, it is 
possible that the designs of the demagogues may be 
frustrated. 

The Illinois Electric Lighting Association was organ- 
ized with a view to just such an emergency as this. The 
responses to the calls which were sent out at its incep- 
tion were very few in number, probably because at that 
time the central stations throughout the State did not 
appreciate how soon they might be called upon to act in 
concert. Small as the Association is, however, it pro- 
poses to do all that it can, but it is evident that its work 
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would be much more effective if it were more respresen- 
tative of all the central stations in the State, and it is 
suggested for your consideration that you take the matter 
of joining the Association once more under advisement. 
In the meanwhile, it is imperative that the personal efforts 
of everybody interested be exerted toward the defeat of 
the proposed action of the Legislature. 

The acknowledgment of this letter and a statement 
of just what you can and will do to this end will be 
appreciated, and will probably greatly aid in accomplish- 
ing the work we have before us. 

Yours truly, 
C. H. WiLMERDiNG, President. 



May I urge upon the representative of the companie 
here, particularly those who may be upon this Com — 
mittee, that they will take pains to send any information 
concerning the matters of legislation. In the report of 
our proceedings the Secretary has compiled here all 
matters that he may get hold of relating to legislation 
before our various State Legislatures, and w^hat was done 
with various projects. There were some mighty novel 
projects introduced, and this will show what has been 
done. There are some interesting matters which have 
been and are being considered by the New York State 
Legislature, and also by the Legislature at the present 
time in the State of Massachusetts. There will be found 
some very interesting reading in this book for those who 
are concerned, as we all are, in these matters, and who 
may all be concerned, in these various items of legis- 
lation. 

I suppose that Massachusetts has had the most un- 
comfortable experience lately of any of the States. Mr. 
Everett W. Burdett, who is the attorney of the Massa- 
chusetts Electric Association, of Boston, is here to-day, 
and he will make a report upon matters in the Massa- 
chusetts Legislature. Mr. Francisco, from Rutland, 
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will, I believe, make a report of what has been done in 
Vermont. Now, if we can get to the Secretary all of 
the Bills and measures that are pending before the 
various State Legislatures, and a statement of what has 
been done concerning each of these things, it will make 
in time a very valuable library upon this one point. 

We are very young, but it seemed marvelous to me, 
as I sat here this morning and heard what I did here, 
that we had lived only six years ; the ideas are now so 
settled. I have thought that possibly electricity, having 
annihilated both time and space, ought to have no 
past and ought to have no future, but be a continuous 
present. Wc do not count time by electricity. We 
have annihilated space ; we have annihilated time in 
communication, and now, from various points of illu- 
mination (we have heard of them to-day from Lynn 
and other places), we propose to annihilate night, and 
then there will be a continuous To-day. So I suppose 
we are altogether in the Present. 

Therefore, we want to get all these things here so 
that we may know what the present is doing, and pro- 
tect ourselves — not from intentionally wrong legislation, 
but ignorantly wrong legislation. I will now call upon 
Mr. Burdett to report about matters in the Massachu- 
setts Legislature.' 

Mr. E. W. Burdett, of Boston : Mr. President 
and gentlemen : I may premise the short report which 
I shall read with a statement,. which, I dare sav, will be 
disputed by nobody, and that is, that in Massachusetts 
we have now and have had in the past more attempted 
legislation to the square inch than in any other commu- 
nity, large or small, within the boundaries of the United 
States. Our experience has been not, as yet, painful, 
because nothing has been accomplished of any account 
upon the other side, but it has certainly been interesting, 
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and, I think, it will be instructive to those representing 
this interest in other States. Referring, for a moment, 
to what has been said by the Chairman of your Com- 
mittee — and I appear here in the place of Mr. Gilbert, 
who is a member from Massachusetts, and at his request 
— I may say, that last year and this we have had printed 
a copy of every order or suggested law which is pend- 
ing, or has been pending, before our Legislature, and 
that has been sent out to about 500 persons in the State 
directly interested in the industry, and, in that way, we 
have spread throughout the length and breadth of 
Massachusetts accurate information as to what w^as on 
foot, and followed it up, as I did yesterday, for the year 
1 89 1, with brief statements of reasons which should be 
given adverse to the proposed legislation. I think the 
list of subjects which were before the Legislature of 
1890 are printed in the volume of the Association's last 
Convention Proceedings, although I have not had an 
opportunity to examine it,, and the same matter has been 
printed for the year 1891 within a day or two, and is to 
be distributed forthwith. 

The matters affecting electric lighting interests which 
were before the Massachusetts Legislature of 1890 are 
reported in the Proceedings of the last Convention of 
this Association. They consisted of 16 orders and 
numerous petitions, upon all of which action was had by 
Committees of the Legislature. The only law which re- 
sulted from this agitation, w^s Chapter 404 of the Acts 
of 1890, relating to the regulation and supervision of 
wires over streets or buildings in cities. This Act re- 
quires the suitable insulation of all wires at points of 
attachment, strong and suitable supports, the removal of 
all abandoned wires, appliances calculated to prevent 
currents of electricity capable of injuring electrical instru- 
ments, or causing fire, from entering buildings, and the 
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tagging or marking of each wire or cable so as to desig- 
nate the owner or user thereof. It further provides for 
the appointment of an officer to supervise all wires in 
cities, to remove abandoned wires, and generally to have 
the supervision of the use of wires. 

There is pending before the present Legislature a 
proposition to extend this act to the towns as well as the 
cities of the commonwealth, and to enlarge its provis- 
ions in its application to the city of Boston. 

The agitation in favor of the enactment of a law to 
permit a municipality to own and operate gas and electric 
light plants resulted in a Bill, which was passed to be 
engrossed by the House, but it was referred by the 
Senate to the Legislature of 1891. This Bill is now 
pending before the present joint Committee on Manu- 
factures. While this Bill was pending in 1890, the 
House of Representatives required the opinion of the 
Justices of the Supreme Judicial Court upon the ques- 
tions whether it was within the constitutional power of 
the Legislature to enact a law conferring upon cities 
and towns the power to manufacture electric light for 
use in the public streets and buildings of such cities and 
towns, and for the purpose of selling the same to their 
citizens. Both questions were answered in the affirma- 
tive. The decision mainly turned upon the question 
whether the manufacture and distribution of gas and 
electricity by cities and towns for illuminating purposes 
is a public service within the meaning of the Constitu- 
* tion (Part H, Chap, i. Sec. 4). The Court held that the 
maintenance of public streets and buildings is a public 
service ; that they may be lighted at the public expense. 
That the means of lighting is a matter of expedience ; 
and that the Legislature may authorize this to be done 
by any appropriate means which it may think expedient. 
As a question of constitutional power, the right to 
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authorize cities and towns to buy gas and electricity for 
their use, cannot in the opinion of the Court be distin- 
guished from the right to authorize them to manufacture 
it for their use. The first question was, therefore, 
answered in the affirmative. The second question was 
one of more difficulty, owing to the difficulty of defining 
with entire accuracy all the characteristics which dis- 
tinguish a public service and a public use from service 
and uses which are private. But the same conclusion 
was reached. 

The Court did not consider whether the furnishing 
of gas and electricity for supplying heat and power can 
be regarded as a public service, and expressly they did 
not pass upon that question. 

This opinion of the justices having been received, 
the Bill was taken up by the House and passed, though 
in a. somewhat different form from that submitted to the 
Court. It permits any of the cities or towns of Massa- 
chusetts, not only to establish plants by purchase or 
otherwise, for municipal purposes, but to supply light, 
heat and power by means of gas or electricity to any of 
their inhabitants. It also permits any city or town thus 
establishing a plant to supply gas or electricity, for any 
or all of the purposes named, to adjoining cities and 
towns and to the inhabitants thereof. It contains no 
provision requiring the purchase by cities or towns es- 
tablishing municipal plants of plants already existing in 
such places, and permits the purchase of only that por- 
tion of existing plants that consists of ** real estate or is 
attached to real estate so that it cannot be removed and 
rendered available elsewhere without material loss, injury 
or expense." 

In case of companies supplying both gas and elec- 
tricity, the Bill permits the purchase of one or the pther 
branch of the business, as the town or cities may elect. 
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Notwithstanding the failure of this Bill to become a 
law, the town of Peabody voted to establish a town 
plant for lighting its public streets, and incidentally to 
utilize its surplus power and apparatus in supplying 
private consumers. A Bill in equity was brought to 
restrain the town from carrying this vote into effect. 
The case has been decided by the full bench of the 
Supreme Judicial Court, and will be recorded under the 
name of Spaulding vs. Peabody, in Vol. 151, Mass. 
Reports. 

In deciding this case, the Court said, that the author- 
ity claimed for the town is not within any of the custom- 
ary powers which towns from very early times have 
exercised, and must be derived, if it exists, from the 
statutes relating to towns. The authority was claimed 
under the provisions of a statute which employs language 
first used in an act of 1692 — that a town may grant 
'* money for all other necessary charges, arising in such 
town, and from the authority of towns to erect and 
maintain street lamps.'' But the Court pointed out that 
the phrase '* all other necessary charges " has been given 
a very limited scope, and that special enabling provisions 
have been deemed necessary whenever extensions of the 
courtesies of town expenditures have been sought. As 
to the claim that the power was incident to that of 
erecting and maintaining street lamps, the Court said : 
** The subject of construction and maintaining gas 
or electric works for the manufacture of gas or 
electricity, and the distribution of them through the 
streets of towns or cities, for the purpose of furnishing 
light, is one of too much importance to be attached as 
a mere incident to the power given to erect and maintain 
street lamps, and we think that if the Legislature had 
intended that towns generally should have authority to 
erect and maintain such works, the authority would have 
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been plainly expressed in statutes, with such limitation, 
and accompanied by such restrictions as the Legislature 
might think it prudent to establish. We see no indica- 
tion in the existing statutes that the Legislature intended 
to make provision for the exercise of such authority by 
the towns of the commonwealth." 

In order to leave no doubt upon the question whether 
towns and cities can, under existing laws, establish and 
maintain plants for municipal purposes, only some of 
the opinions concluded as follows : '* If we assume 
that the only action now contemplated by the Town of 
Peabody is the erection and maintenance of electrical 
works for the purpose of lighting its streets, still we are 
of opinion that the vote is beyond the legal rights and 
power of the town." P. S. Chap. 28, Sec. 129. 

This decision upon the existing state of the law in 
Massachusetts, as well as the opinion of the justices upon 
the constitutional questions involved, is herein stated 
with some particularity, owing alike to the importance 
of the questions and the eminent authority of the court 
which has passed upon them. While both opinions rest 
largely upon the particular language employed, in the 
one case in our constitution, and in the other case, in 
our laws governing towns, they involve the consideration 
of such important general principles that they are 
worthy of study in any jurisdiction. 

In connection with the Bill for municipal ownership, 
the Committee on Manufacture has before it the recom- 
mendation of the Governor that the powers of munici- 
pal corporations be enlarged by general law in the matter 
of municipal control of municipal work and ownership 
of the instrumentalities for its performance, which, it will 
be observed, does not go to the extent of recommending 
the enlargement of the powers of towns and cities so as 
to enable them to manufacture and supply gas or elec- 
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tricity for commercial purposes. The Governor is on 
record against an extension of the law in the latter 
direction. In addition to the Bill above referred to and 
the recommendation of the Governor, there are orders 
covering the same subject matter and numerous petitions 
in aid thereof ; including a petition of the Common 
Council of the City of Boston. The extent to which 
some of the petitions go is shown by the fact that in 
one case the passage of a law is prayed for to enable 
cities and towns to engage in all lawful business that 
the citizens of such cities and towns may desire to enter 
into. Another prays for a State loan of $3,000,000 to 
cities and towns, to enable them to build for the people, 
similar to State loans to railroad corporations. Separate 
petitions have been filed by the towns of Danvers, Peabody 
and Hudson, and the towns of Brookline and Melrose 
have voted to appear in favor of the general legislation. 

The hearings upon this subject are now in progress. 
Before the same Committee there are pending Bills to 
provide for State inspection of electric lights and meters, 
for the abolition of the Board of Gas and Electric Light 
Commissioners and the appointment of a Board of Gas 
and Electric Light Control in its stead ; and for the 
consolidation of gas and electric light companies situated 
in the same city or town, with a capitalization equal to 
their appraised valuations. Before the Committee on 
Mercantile Affairs the following orders are pending : 

For the extension of the provisions of Chapter 404 
of the Acts of 1890 to the towns of the commonwealth, 
and the enlargement of the same in their application to 
the City of Boston (already mentioned) ; for the better 
regulation and control by State, city and town officers of 
the acts and business of persons, associations or corpora- 
tions making use, for business purposes, of wires over 
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or under the public highways, and regulating by law the 
incorporation of companies for such purposes, and all 
proceedings and work to extend such wires over or 
under the public highways ; for legislation for the better 
protection of persons and property against injury from 
electric wires ; for further legislation as to granting loca- 
tions for poles to companies in towns, and as to autho- 
rizing the selectmen of towns and the aldermen of cities 
to re-locate and remove, at their discretion, the poles of 
electrical companies from the streets and highways; 
notwithstanding any prior grants or permits to erect and 
maintain the same, and also to compel the joint use of 
poles by different corporations. 

Before the Committees on Cities and Taxation are 
pending several orders as to authorizing cities and towns 
to prescribe terms and conditions and to impose taxes 
for the use of their streets by private corporations ; as 
to the expediency of abolishing the State corporation 
tax on corporations exercising municipal privileges, and 
so taxing such corporations that the towns and cities in 
which such municipal privileges are exercised shall 
receive the entire tax ; and other orders of a similar 
nature. There is also an important order pending 
before the Committee on Cities as to the expediency of 
authorizing the City of Boston to make contracts for 
20 years or less for lighting its streets, public places and 
parks, and to grant exclusive rights for the use of its 
streets as a consideration for such contracts. 

The foregoing statement includes, in outlines, all 
matters of legislation and adjudication, with one excep- 
tion, touching electric lighting interests which have arisen 
in Massachusetts since the last report. 

The exception referred to is the decision of the 
Supreme Court in the case of Suburban Light and Power 
Company vs. The Aldermen of the City of Boston, re- 
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ported in Vol. 150, Mass. Reports. In this case it is de- 
cided that the granting of pole locations to electric light 
companies is not mandatory under our statutes (P. S. 
Chap. 109, Sections 2 and 3) upon Aldermen or Select- 
men, but rests entirely within the discretion of those 
officials. 

Mr. Francisco : Speaking for the State of Vermont, 
I would say that we have not had very much trouble. 
The only case we have had in my own town, Rutland, 
was about a year ago, in regard to municipal ownership. 
The Aldermen conceived the idea that they could fur- 
nish electric lights without any expense to the citizens. 
They became convinced that that could be carried out 
through the influence of outside parties, and the wonder- 
ful stories told by diff'erent people ; but by concerted ac- 
tion we had the matter referred to the popular vote, 
letting the masses vote upon the subject, as they did in 
the regular election, and the result was that the vote cast 
was 10 to I in opposition to municipal ownership, which 
eventually ended all strife on that question in that town 
for all time to come, I think. In the Legislature we had 
a Bill introduced, allowing one company to occupy the 
poles of another company, and that Bill was killed in the 
Committee Room. We also had a Bill introduced, 
which became a law, compelling all companies to remove 
all crooked poles, or poles that were not first-class in 
every respect, and replace them with new, straight and 
perfect poles, and paint all poles within the city limit. 
We had a Bill introduced at the last session requiring all 
electric light companies in running their lines to run the 
lines entirely distinct from, and in such a manner as not 
to interfere with, the business or the wires or occupation 
of the telephone companies. That Bill died a natural 
death in the Committee Room. There was also a Bill 
introduced at the same time requiring telephone com- 
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panics to comply with the same law and not run anything 
but metallic circuits with proper insulation. When that 
came up the telephone companies were anxious to have 
it die, and that died, also, in the Committee Room. 

That is the only legislation that we have had in our 
State since our last meeting. 

Mr. George R. Stetzel, of New Bedford : I 
should like to inquire if there has ever been a case where 
an electric light company had asserted any right to any 
property in the street in the use and transaction of their 
business ? I represent a company in the State of Massa- 
chusetts, and, as I understand it and as we act, we are 
very much in the position of the popular interpretation 
of the Dred Scott decision ; we have no rights that the 
white man is bound to respect ; the city does as it sees 
fit in every instance, and we don't know of any method 
of redress. Out of perhaps 800 poles there are from 80 
to 100 that are used for any purpose that the municipality 
may see fit to put them to. Within the past three 
months the city has been establishing a police signal 
system ; but they have put their boxes on our poles, saw- 
ing some of the poles two inches needlessly, and, it looks 
to me, maliciously, that they may have a base for the box 
to rest on the pole. They have not only done that, but 
they have taken the wires from the top of the pole down 
through the boxes through an iron gas pipe and from 
that box they go directly into the ground. My linemen 
say it will be a difficult thing to sit on top of that pole 
in damp weather when, if any trouble should arise I 
might order them to go to the top of the pole and rectify 
it. While I have filed a protest with the City Govern- 
ment and a notice that I shall hold them responsible for 
any damage to my workmen or to citizens, there has 
been no action taken as regards remedying their gross 
imposition on our rights, if we have any. It seems to 
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me that we should not only act a little on the defen- 
sive, but that in this matter if we have any rights we 
should assert them. I do not know that we have any 
rights, but it certainly is very disagreeable to a manager 
to have the best property which he has confiscated in 
this way without any knowledge of or consent to it on his 
part. The first I knew of the establishment of this 
police signal business by the city was that they were es- 
tablished and they were there. They did not have any 
consultation with me or with any officer of my company. 
Now, I consider this a menace to the life and limb of 
my workmen, and something that money should not 
and could not have bought from us. I never should 
have consented to any condition that would multiply the 
opportunities for accidents, because such accidents are so 
serious in their consequences to our industry. As regards 
the conditions in Massachusetts, it seems to me that we 
are simply the objects to be fought, without regard to 
our rights. Before the Committee, which has a meeting 
to-morrow, and which I shall leave here to attend, the 
broad ground is taken that we have no rights, and that 
is the nature of the legislation which will be established 
in Massachusetts without doubt. As regards taxation, 
as I say, we furnish from eight to ten per cent, of all the 
poles that the city uses ; and, as regards the matter of the 
obstruction of the streets, so far as that goes, they must 
have those poles, so that our interests demand that we 
obstruct the streets, but we furnish the poles and pay 
the bills, which represent a large money value; and now 
this legislation is that we shall be taxed on every pole 
set in the street for the benefit of a municipality. I think 
it is about time for us to try to work up some aggressive 
warfare and not be entirely on the defensive. 

Mr. Burleigh : May I interrupt the gentlemen 
for just one moment ? Professor Thomson's paper was 
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SO able and interesting and so very instructive that I 
want to move a vote of thanks to Professor Thomson 
for his trouble and pains, and to express our pleasure. 

The motion was seconded from various parts of the 
house and unanimously carried. 

Mr. Burdett : I would like to ask the gentleman 
who has just spoken from what city in Massachusetts 
he comes ? 

Mr. Stetzel : From New Bedford. 

Mr. Burdett : And I wish to correct some of the 
ideas which he erroneously holds. If he has been ad- 
vised that he has no rights to the exclusive use of his 
poles he has been incorrectly advised. There is a very 
great doubt as to the right of the city to interfere with a 
pole which has once been set, except to change its loca- 
tion. Now, as to the aggressive attitude which he 
speaks about, I would say that the difficulty with the 
gentleman is that he has not attended to these things at 
the State House in Boston. I never saw his face until 
this afternoon. 

Mr. Stetzel : I am new in the business, sir. 

Mr. Burdett: Your company, according to my 
recollection, is not a member of our organization who 
are fighting these things. If it had been you would have 
been kept informed of what was going on. However, 
sir, I shall be very glad to see you in Boston at our meet- 
ing to-morrow when we shall attempt to inaugurate 
something in the way of aggressive action. As a matter 
of fact, the Electric Light Association, which I have had 
the honor to represent, have been fighting for their lives, 
and not fighting for the other fellows, and that has got to 
go on until w-e have strangled this insane agitation and 
then we can turn upon them with something in the 
nature of an aggressive warfare. The proposition before 
the Committee to-morrow is to take aWay the rights which 
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I say now exist. It has arisen out of the petition of the 
Mayor of Salem, to be permitted to have all Boards of 
Aldermen and Selectmen given authority to revoke 
absolutely every pole location in a city or town without 
any reference to prior grants which have been acquired. 
There is only one way of fighting it, and that is for all 
the companies to come together. The telephone com- 
panies and the street railway conpanies have joined us, 
and we have all combined, and we propose to sit upon 
the rights which we now have. I say this to the gentle- 
man, that he has rights with his poles in the street, and 
he should join us and help to maintain them ; and I shall 
be glad to see him in Boston. A gentleman sits here at 
my right who represents a company from the eastern 
part of the State, who can testify that his particular com- 
pany was saved from competition with a company which 
would have run him out of the town, in spite of all he 
could do, because they proposed to use a water power 
which up to that time had not been used. (Applause.) 
Mr. De Camp : I would say that in the State of 
Pennsylvania the municipal authorities recognize the 
rights of the companies to their poles when they have 
once become established. I don't know that a company 
has ever been interfered with. The city of Philadelphia 
makes a respectable application to us for the right to use 
our poles, as we do to them for the right to use theirs. 
Some five years ago, when the question of the removal of 
poles was up before the Legislature, the very eminent 
counsel who argued the case took the position that it did 
not seem to be questioned that in case such a law was 
passed, which would mean the destruction of a vast 
amount of property for the use of which it was erected, 
the companies would be entitled to compensation. That, 
of course, has never come to an issue, but there seemed 
to be no two opinions about it. 
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The President : If there is no further discussion, a 
motion to adjourn would be in order. 

On motion, the Convention then adjourned until 
Thursday, February 19th, at 10 a. m. 
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FIFTH SESSION. 

Thursday, February 19th, 1891. 

The Convention was called to order at 10:20 a. m. 

The President : The first thing on the calendar 
this morning is a paper on the Ferranti System, by Mr. 
C. D. Haskins. 

Mr. Haskins : 1 want to say, in the first place, that 
my paper is a sort of adjunct to some photographs that 
I have of some Ferranti machinery. If I had not had 
the photographs I do not think I should have been 
willing to undertake the paper, because the photographs 
are what are going to be interesting. 

Mr. Haskins then read the following paper : 

THE FERRANTI SYSTEM. 

Gentlemen : I keenly appreciate the compliment 
which your Committee has paid me, in naming me to 
appear before you to-day to read a paper. 

I fully realize that much is expected of me, and I 
believe I even more fully realize my inability to handle 
the subject with the completeness which I could wish. 

My connection with Mr. Ferranti was not of long 
duration, and it is now some time since I severed my 
connection with him, so that my information, whilst 
pretty complete as far as it goes, is not as thoroughly 
up to date as it should be. 

The Deptford station was far from finished when I 
left London, and 10,000 volts generated direct from the 
dynamo was still a matter for surmise and conjecture. 

Under these circumstances the best thing I can do, 
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I believe, will be to take up each feature of the system 
separately, and describe it to you in its various forms 
and applications as thoroughly as I can. Starting with 
this plan in view, I have arranged my paper under the 
following heads : 

Methods of Distribution. 

Ferranti Dynamos. 

Ferranti Transformers, Fuses, etc. 

The Ferranti Meter. 

Starting, then, with Mr. Ferranti's methods of distri- 
bution, I will deal first with the old and somewhat 
famous Grosvenor Gallery station, from which current, 
at a pressure of 2,500 volts, was distributed throughout 
the most wealthy portion of London's West End, by 
means of overhead wires. 

At the Grosvenor station there were two dynamos, 
each of 625 horse power nominal. These machines I 
will describe later on. 

From these generators the circuit was carried to five 
double-pole, double-throw switches, each having a break 
of two feet and breaking both sides of the line at once. 

Each of these switches represented a circuit, there 
being five circuits in all from the Grosvenor station. It 
will readily be seen, therefore, that the switchboard of 
this station, which distributed light to no less than 35,000 
lamps, was an exceedingly simple affair, yet, with their 
five switches, any desired combination of machines and 
circuits could be made. 

It has quite frequently been stated, I believe, that 
these two machines at the Grosvenor were run in multi- 
ple. This is in no sense true, though, since the removal 
of these dynamos to Deptford station, they are to be 
connected in this manner, I understand. 

From the five main switches the current was carried 
through Ferranti plug fuses of rather peculiar construc- 
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tion, having a break of two feet. These fuses I shall 
describe later. From the fuses the circuits were carried 
on ordinary wiring to an overhead distributing pole. 
From this center the wires branched in five directions, 
being carried over the house-tops, and not through the 
streets as is our custom in America. 

Stranded steel cables \ B. W. G. are stretched from 

lO 

pole to pole, and from these cables the mains are sup- 
ported at frequent intervals by means of leather thongs 
or slings, thus saving undue chafing and straining of the 
conductors. This method of supporting the mains 
presents many marked advantages ; the wear of insula- 
tion is reduced to a minimum, and the liability to a 
ground is very much diminished. The leather slings stand 
the wear and weather exceedingly well, and renewals are 
much less frequent than would be expected, especially 
if one takes one's foot-wear as a basis for calculation. 

All streets are crossed at right angles, and no diffi- 
culty is experienced with the ubiquitous telephone man. 

Contrary to the custom in this country, the primary 
wires are generally run into the house to be lighted, 
where they are connected to the transformer, a Ferranti 
fuse being placed in the circuit. 

The secondary conduits are of 50 or loo volts press- 
ure, as may be required, and the house wiring is quite 
of the usual style, having a principal secondary fuse at 
the transformer, and a Ferranti recording meter in series 
with the lamps. 

The Grosvenor Gallery as a generating station is 
now a thing of the past. It has been reconstructed, and 
is now one of the four transforming centers of the Dept- 
ford system, which draw their energy at the phenomenal 
pressure of 10,000 volts from the machines in the great 
station on the Thames. 

This heavy pressure is reduced at these central points 
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by means of large transformers, and is distributed over 
the London house-tops at an electromotive force of 
2,500 volts in the manner I have already described, the 
only difference here being that these overhead mains are 
on a secondary instead of a primary circuit, and the 
house circuits become tertiary instead of secondary. 

The portion of the Ferranti system of distribution 
which has given rise to the most interest, and which has 
been talked of, is the present primary circuit, extending 
from Deptford to the four central distributing stations 
in London. 

Many curious and wonderful letters regarding this 
have appeared in our journals at various times, and have 
given rise to much confusion and many wild conjectures, 
whilst the real facts of the matter are, I believe, but 
little understood. 

The shape and principle of Mr. Ferranti's concentric 
main is familiar to all, but a few words descriptive of it 
may not be out of place here. 

Over a copper tube, about one and a half inches in 
diameter, insulation is wound in the form of a stout 
manilla paper, thoroughly saturated with a special 
insulating compound. This insulation is wound on to a 
thickness Of one-half inch by a machine specially designed 
for the purpose by Mr. Ferranti ; over this insulation a 
second copper tube is placed, of the same sectional area 
as the inner one, and this is drawn down till tight. 

The cable is made in lengths of 20 feet, and stands 
static tests of immense pressure. Special plug and 
expansion joints are provided for connecting the lengths, 
which are also thoroughly reliable. 

The original intention was to lay these mains with 
the outer tube directly to earth throughout its entire 
length, thus rendering the system absolutely safe, since 
only one side of the circuit could be touched by the 
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hand, and there would be no difference of potential 
between this and the ground. 

Alternating circuits and grounded telephone lines do 
not agree, however, and the law demanded that the Fer- 
ranti mains be laid duly insulated from earth ; this is 
therefore done, but one terminal of the machine is still 
connected to ground, and comparative safety is the re- 
sult, since it will readily be seen that, to short circuit 
through the body, it would still be necessary to touch 
the inner tube of the conductor. This would necessitate 
cutting through the outer tube and insulation, which 
would mean a short circuit from tube to tube, through 
the cutting instrument, a dead-short circuit on the 
machine certainly, but perfectly safe for the meddler. 

At the collector boxes of the machines an accident is 
impossible, since the collectors are enclosed within an 
iron box, the lid of which is magnetically locked by the 
exciting current — nor can the machine generate when 
the box is open, since the exciting circuit is not com- 
plete till the box is closed. 

Unfortunately, time was an object in the starting of 
the Deptford station, and much contract-made cable was 
laid ; the greater part of this was the lead-covered cable 
so frequently mentioned ; this was not of the concentric 
pattern, but an ordinary stranded cable — I understand 
that it was guaranteed to stand considerably above 10,000 
volts, but after being laid it was found not to stand 
10,000 at all, and to give but poor satisfaction even at 
5,000. 

This unfortunate trouble has given rise to much talk, 
and has been scarcely well understood by the general 
public. 

Several other kinds of cable were tried, but gave 
equally unsatisfactory results, and all mains have doubt- 
less by this time been replaced by the Ferranti concentric 
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cable, which stands the pressure perfectly and gives most 
satisfactory results. 

Of the various expedients to which Mr. Ferranti had 
recourse during this trouble with the cables, I am not 
prepared to speak, first, because I am not fully informed 
regarding them, and, secondly, because they formed no 
portion of the Ferranti system of distribution. They 
were simply makeshifts, necessitated by an unfortunate 
happening and by lack of time, and they have probably 
given rise to more discussion, both in and out of the 
papers, than has the system itself. 

I will now pass on to a description of some typical 
Ferranti dynamos. First among these, a few words are 
due to the original form of Ferranti alternator, which, 
while it is no longer manufactured, still, without a doubt, 
was a machine of marked efficiency and great originality. 

The characteristics of this earliest dynamo were, I 
think, about as follows : The figures are not based upon 
my personal experience, for the machine was out of date 
long before my time, but upon various fragmentary 
notes from my pocketbook, and a generous quotation 
from Thomson's '* Dynamo-Electric Machinery." 

As in the Siemens machine of similar type, the fields 
formed, as they do now, ''two upright circular* crowns of 
electro-magnets with opposing poles." There were i6 
magnets on each side, 32 in all. 

The peculiarity of the machine lay in the armature, 
which consisted of a series of zig-zag loops, eight in 
number, wound or folded one layer upon another, and 
separated by alternate ribbons of strip insulation of 
similar width. The winding was in three multiple cir- 
cuits, each strip making 10 turns around the zig-zag coil, 
30 layers of winding in all. 

Each of these three coils are connected at one end 
with a solar star-shaped brass boss, which, bolted together 
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from either side through the loops of the zig-zag coil, 
and at the same time connected directly with one of the 
collector rings, the three coils all again uniting in an 
inner star-shaped piece of brass, which in its turn com- 
municated with the second collector. 

The disc armature was 30 inches in diameter and 
one-half inch thick. Its extreme thickness permitted 
the magnet poles to be brought very close together, 
enough space only being allowed to insure safe clearance. 
The natural result of this was a very efficient field. 

The dynamo was calculated for a speed of 1,400 
revolutions per minute, and maintained a pressure of 100 
volts. The armature weighed less than 100 pounds, 
and the entire machine rather less than one and a half 
tons. 

Most of these old machines are still in use, princi- 
pally upon British war-ships, and are doing good service. 

An excellent type of all the more modern Ferranti 
machines is the 1 50 horse power dynamo, which has been 
manufactured in considerable numbers, and is the alter- 
nator generally in use in most of the smaller stations 
using the Ferranti system. 

In this machine the number of parts has been reduced 
to a minimum, and the efficiency is very high ; it will 
fully illuminate 3,000 ten candle power lamps, requiring 
an average energy of over 35 watts each. 

The fields are arranged as in the old machines, and 
have 20 magnets on each side. The distance between 
the opposing faces of the fields is rather less than three- 
quarters of an inch, and within this narrow space the 
coils of the armature rotate at a speed of 400 revolutions 
per minute. The armature being four feet in diameter, 
this makes a peripheral speed of 4,800 feet per minute. 
The diameter of the armature shaft is four and a half 
inches, which at first sight seems rather large, since there 
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is no great weight to carry, but the size is needed since 
the armature is overhung. 

This armature is without iron, and consists of a cen- 
tral boss of gun metal, into which are fixed ten carrying- 
arms of brass. These are insulated and held into the 
core by a special mixture of sulphur, which is poured in 
a liquid state and sets harder than the metal itself. 

This sulphur insulator is one of Ferranti's specialties 
and prides, and much of the success of his machine is, I 
believe, due to it. I never, during my stay with him, 
met with a ground on an armature shaft. 

Each of the ten carrying-arms, which I have just 
mentioned, hold two coils or bobbins of copper tape, 
tightly wound by machinery on a center made up of 
alternate strips of asbestos and brass. Terminating at 
one extremity is a gun-metal butt-piece, the entire coil 
being fastened to the carrying-arm by a single bolt pass- 
ing through this butt-piece and drawing the bobbin into 
place. 

The winding of the bobbins themselves is of alternate 
layers of corrugated copper and fibre ribbon, the object 
of the corrugation being to prevent lateral slipping — a 
very necessary precaution. 

The thickness of the bobbins, which form the only 
portion of the armature projecting between the fields, is 
one-half inch, which leaves a margin of less than one- 
eighth inch clearance on each side. 

The coils are connected in two parallel circuits, which 
are conducted away through the carrying-arms and rods 
within the central boss itself to the collector rings, where 
the current is taken off by Ferranti collectors — two half 
circular pieces of metal like the two halves of a severed 
ring, which almost surround the collector rings and are 
held together by bronze springs, making an extremely 
good and constant contact, and not running at all hot. 
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The machine can he very quickly repaired ; the two 
fields are divided at the center and slide back very read- 
ily, right and left, on extension bases, by the aid of a 
simple levering device. The armature is then exposed, 
hanging in its usual position, and it is but the work of a 
moment to take out and replace a burnt coil with a new 
one. 

A few details regarding the two 625 horse power 
machines formerly used at the Grosvenor station, and 
now being installed with changed winding to take the 
light day load at Deptford, may be of interest here, 
before I pass on to a description of the giant machines 
of the Deptford station. These two dynamos are in 
construction almost exactly like the 150 horse power 
type which I have already described. The machines 
were originally designed to give current for 10,000 ten 
candle power lamps each, but have frequently carried as 
high as 19,000 lamps without apparent eflfort The 
weight of these dynamos is 35 tons. The height from 
floor is 9 feet 6 inches ; the floor space required, 9 by 1 1 
feet ; armature diameter, 8 feet 6 inches ; potential main- 
tained, 2,500 volts; speed, 280 revolutions per minute. 

There are 40 coils or bobbins in the armature and 40 
field magnets on each side, 80 in alh The pulley is 
grooved for rope driving, Mr. Ferranti being fully con- 
vinced that this is infinitely better than the best belting. 

It has probably been already remarked that I have 
made mention of no regulating device for the dynamos. 
Mr. Ferranti makes no provision for automatic govern- 
ing, nor is it needed. It must be remembered that there 
is absolutely no iron in the armature, and that the 
machine is, therefore, self-regulating to a very large 
degree. 

There is no compounding of the field, the field cir- 
cuit being entirely simple and separate. At the Gros- 
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1 08 amperes at 100 volts. At Deptford, Kapp machines 
coupled direct to Allen engines are used. The Kapp 
machines have rheostats in their field circuits, not for use 
in regulation, but for starting up and in case of emer- 
gency. It will be noticed that the two machines I have 
just described have not armatures arranged with the zig- 
zag winding adopted in the original Ferranti machine. 
This zig-zag winding was abandoned for several reasons. 
It' was impracticable for large armatures, and a winding 
made up of separate bobbins or coils, which could 
readily be removed and replaced, was found to be 
exceedingly desirable. To meet these requirements, 
therefore, the method of winding was changed to an 
arrangement similar to what is generally spoken of in 
text-books as the '' Siemens alternating armature." 

It now remains for me, before passing on to the less 
important apparatus of the Ferranti system, to give a 
brief description of dynamos which are installed, and 
being installed, at the Deptford station. 

So much has been said and written about these dur- 
ing the past year or more, that I almost hesitate to men- 
tion them at all, so sure do I feel that almost every one 
here is familiar with their general character and dimen- 
sions. 

The Deptford machines will be of two sizes, the por- 
tion of the station to be put into immediate use calling 
for three dynamos, two of 1,500 horse power each, and 
one of no less than 10,000. Of these the two first are 
now installed and running, whilst the 10,000 horse 
power machine is still in course of construction, it being 
far too enormous a piece of machinery to admit of 
hurrying. 

Each of the 1,500 horse power machines are driven 
by means of 40 five inch ropes from a compound verti- 
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cal condensing engine of marine type, having a grooved 
drum or driving pulley 24 inches in diameter. 

The carrying-arms of the armature, which support 
the winding, are fixed directly into one end of what may 
be called at once the pulley and the armature boss by 
means of sulphur insulation. Into these carrying-arms are 
the fixed 48 bobbins which constitute the winding. The 
total diameter of the armature is 1 2 feet, 6 inches. The 
fields are arranged as in the smaller machines and have 
48 magnets on each side, 95 in all. The copper stvip 
composing the winding of the armature is three-quarters 
of an inch in width and one-and-a-half millimeters in 
thickness. 

There is only one inch of space between the opposite 
magnet poles, and within this the armature rotates, hav- 
ing one-eighth inch clearance on each side. 

Small fan-shaped ears are cast on to the carrying- 
arms of these, and the other machines which I have des- 
x:ribed, which, when the machines are in motion, force a 
constant current of air between the armature and the 
field, keeping up a very perfect ventilation, and remov- 
ing any dust which might accumulate upon the face of 
the magnets. This dust, if allowed to remain, would be 
apt to cause a short circuit from winding to magnets, as 
one pole of the machines is to ground ; as an additional 
precaution against this, the faces of the magnets are cov- 
ered with a thin layer of vulcanite. 

The frame divides as in the smaller machines, and 
slides back on extension bases to afford access to the 
armature, a special engine being provided to do this 
work. 

Of the 10,000 horse power dynamo, I. can say but 
little ; it will differ from the others only so far as its 
enormous size renders necessary. The armature will be 
no less than 40 feet in diameter, and vvill rotate at a 
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speed of 60 revolutions per minute. It will be coupled 
direct to two compound vertical condensing engines, 
each of 5,000 horse power, one on each side of the 
armature. 

The shaft is the largest ever turned out of the cele- 
brated Clyde workshops, and one of the largest ever 
made in the world. It is no less than 36 inches in diam- 
eter, 28 inches in the bearings. I really do not dare to 
state its weight. There will be 132 bobbins in the 
armature and 132 magnets on each side. The enormous 
size of this machine is quite beyond the comprehension 
of one who has not seen its parts. 

The station instruments which are used in connection 
with the Ferranti dynamo, are the Sir William Thomson 
gravity direct-reading ammeter and the Sir William 
Thomson statical voltmeter. 

I will now pass on to a brief description of the Fer- 
ranti transformer, meter, etc. I am aware that I have 
been able to give but the merest outline of Ferranti's 
dynamo construction ; the subject is far too intricate and 
wide a one to be treated at all in detail within the limits 
of a short paper. 

Before describing the Ferranti transformer, I should 
say a few words about the Ferranti fuse. Its position 
seems naturally to be between dynamo and transformer. 
This is an exceedingly simple device of porcelain, having 
a long break. It consists of two removable plugs, to 
which are fastened a number of thin strands of fuse wire, 
according to the current to be carried. These wires pass 
through a narrow crevice or slot in the earthenware, 
from plug to plug, the crevice being broken at short in- 
tervals by cup-shaped hollows, this construction prevent- 
ing arcing. The fuse has a convenient earthenware 
cover, can be placed anywhere, and has always proved 
entirely trustworthy. 
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The Ferranti transformer is seemingly as little known 
as the dynamo in this country. It is a very simple affair, 
of decidedly high efficiency, consisting of a number of 
bundles of very thin, .soft, hoop iron, spaced apart with 
wedges, clamped tightly together and wound at their 
central portion with insulation. Each strip of iron is in- 
sulated from its neighbor for half its length on each 
side, by paper pasted on. This, when the irons are turned 
back, as I shall presently describe, leaves a strip of 
paper between each layer of iron, but does not prevent 
a perfect magnetic circuit. 

On these bundles of irons, at the portion wrapped 
with insulation, is wound the secondary, which is, in its 
turn, wrapped with insulation ; on to all this the primary 
is slipped, in the shape of a number of coils, wound 
elsewhere on former blocks. These coils are slipped on, 
one by one, and separated from one another by washers 
of shellaced cardboard. 

The projecting irons are then turned back over the 
coils from each end, lapping each other, first one way, then 
the other, like shuffled cards, and the last two are fastened 
off by a simple double '' L" or tinman's joint. Half of 
each bundle is turned back in each direction, up and down, 
forming complete magnetic circuits in two directions. 

The transformer is extremely convenient in case of 
repairs, when the irons are readily straightened out and 
burnt primary coils replaced. It seems, however, to 
have several marked defects. The flat side of the lamina- 
tion is presented to the penetration of the lines of force, 
which, according to Kennedy, is incorrect construction, 
and the transformer is inclined for this reason, both to 
heat rather badly and to hum ; the latter trouble being 
partly due, doubtless, to the fact that the iron cannot be 
held so firmly in this style of converter as in the more 
common type, where the iron forms a solid block. 
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The transformer is incased within a cast-iron shell,, 
from which it is insulated and into which the primary 
and secondary terminals are fixed by means of the Fer- 
ranti sulphur insulation. 

These converters are made in five sizes: 25, 50, 
100, 150 and 200 lighters. The large transformers, for 
reducing the 10,000 volts of the primary to the 2,500 
volts of the street circuits, are of the same construction 
as these I have just described, the insulation being, of 
course, increased to bear the enormous pressure. 

This is not the original transformer used by Ferranti; 
that was of the Gramme ring type and rather more effi- 
cient than the present one, I believe, but scarcely prac- 
tical from a mechanical standpoint. 

There now remains to describe only the Ferranti 
meter, a most ingenious recording instrument largely used 
in connection with Mr. Ferranti's London circuits. This 
meter consists of a coil of a few turns, in series with the 
lamps, which passes around a core of soft iron, and ter-^ 
minates in a composition metal ring, which is split to pre- 
vent Foucault currents, and is bolted on to a soft iron 
base, being, however, insulated from it Thus it will be 
seen that .the ring, the base, and the soft core around 
which the coil passes (the lower portion of which is 
burnt or cast into the ring also), form, respectively, sides, 
bottom and top of a hollow and tight trough ; the iron is 
continued from above the coil by means of a horseshoe- 
shaped laminated piece of iron which passes down out- 
side of the coil and makes contact with the base ; thus 
we have a magnetic pole at the top and bottom of the 
trough. 

This trough is filled with mercury, making contact 
with three-fourths of the inner circumference of the 
ring, and the center of the base. The current entering 
the coil, passes around to the ring, and from the ring 
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through the mercury to the base on which is the other 
terminal. 

Under the combined influence of the magnetic field 
and the current passing through the mercury from center 
to periphery, and vice versa, the quick-silver is caused to 
rotate. 

A 'shaft passes from a jewel in the base, through a 
small hole in the iron core to a train of wheels at the 
top ; on this shaft is an aluminum fan suspended in the 
bath ; this is all balanced so nicely that it actually floats 
in mercury. 

Now, since the resistance to rotation due to friction 
is approximately proportional to the square of the speed, 
and the turning moment is proportional to the square of 
the current, the number of revolutions performed in a 
given time is a measure of the current which has passed 
through the meter during that period. 

Owing, however, to the rule of friction not following 
this law absolutely, and owing to the additional and 
irregular friction of the gear, a sensible error is intro- 
duced. This difficulty is overcome by placing a shunt 
coil of high resistance around the series coil, which 
secures an excess of electro-magnetic action, when the 
friction is greatest in proportion to the torque, thus 
assisting the low loads. 

The meter is very accurate, and has a quite wide 
range, i to 50 amperes being the capacity of the 100 
volt instruments ; it is equally serviceable on direct or 
alternating circuits of any frequency. 

This meter, while undoubtedly accurate, has many 
very apparent weak points, however; the mercury volatil- 
izes quite rapidly, especially when the instrument becomes 
warm ; the meters must always be kept upright or their 
contents will spill, and they cannot be carried from 
place to place without being emptied and refilled, which. 
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as the quantity of quick-silver varies, is apt to introduce 
errors. In view of these troubles, Mr. Ferranti is now 
also manufacturing and using a number of meters of 
small capacity, similar in principle to the well-known 
Shallenberger instrument, which are suflficiently accurate 
for general use ; these are manufactured under the 
English patents of Mr. Wright, one of Mr. Fertanti's 
staflf. 

I would like to say that a gentleman who was 
associated with Mr. Ferranti at the time I was, and 
a considerably longer time than I was, is now in 
America, and I hoped that he would be here to-day. 
He was at Deptford long after I was and is very well 
posted on this machine. I thought he would give you 
some additional information when the paper was over, 
but I received a telegram from him saying that he could 
not get here. But there is a very complete article from 
his pen in Electrical Industries, in the last issue, pub- 
lished in Chicago. It is to be continued in the next 
number, I believe. He is now with the Thomson- 
Houston Electric Company. 

DISCUSSION. 

The President : Gentlemen, you have listened to 
the paper of Mr. Haskins. It certainly has been a very 
interesting and instructive one. Have you any remarks, 
or any questions to ask Mr. Haskins? The paper is 
open for consideration. 

Mr. Law : I would like to ask Mr. Haskins some 
questions in regard to connecting transformers on to his 
primary circuit. We, who have been in electric lighting 
some time, and have been knocked down several times — 
last time in a pond of water ten inches deep and filled 
with ice — do not like to receive those currents. Now, 
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to do successful commercial lighting we are obliged, in 
order to compete with gas, to keep a continuous service 
on our primary circuits. I would like to ask Mr. Ras- 
kins what provision they make for connecting converter 
wires on to his primary mains. 

Mr. Haskins : Mr. Ferranti has, I believe, four or 
five methods in use for connecting on to his concentric 
mains. The commonest thing is a good deal like the 
brace that a plumber would put into a pipe. He brings 
out the inner tube through a sort of T joint and carries 
it a good distance before the insulation is removed from 
it. That gives him one leg of the circuit. The other is 
taken off by an outside ring which is soldered on to the 
other conductor and goes in the other direction, for a 
safe distance, covered by insulation. That, I think is 
the method that will be practiced most generally. You 
will understand that the circuit is only taken off at four 
places, at the four central distributing stations, where 
the current is reduced to 2,500 volts, and then distributed 
for house lighting. The current which goes to the 
houses is secondary, not primary. 

Judge Armstrong : So, if you got a shock, it would 
be only 2,500 volts instead of 10,000? 

Mr. Law : What arrangement do you make for con- 
necting on to a 2,500 volt circuit ? Even taking a thou- 
sand volt circuit and attempting to make a connection on 
a wet day is rather a hot process. 

Mr. Haskins: Yes, sir; it is. It is not intended 
that any connection shall be made while the circuit is 
alive. Of course, it would be in this way — if a store 
was to be connected on, they would take the time to 
connect that on when that portion of the circuit was not 
in use. That is the method that Mr. Ferranti has always 
followed. They do not attempt to handle the 2,500 volt 
wires when they are alive. I have handled them myself 
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when they are alive, and I have handled 10,000 volts 
when it is alive, too, but I do not like to. 

Mr. Law: As I said before, Mr. President, we have 
to burn lights continuously. The current has to be on 
that light for 24 hours in the day, unless you make an 
auxiliary line for it, which the expense would prevent 
us from doing. Now, we have to connect our con- 
verters on the live wires, and we cannot wait just because 
it happens to be a little bit stormy. That storm may 
continue for two or three or four days. As I say, it is 
almost impossible to connect on a thousand volt current 
under those circumstances, and I wish to find out what 
arrangement has been made for connecting on this higher 
voltage without danger to the man doing it. 

Mr. Haskins: Where it is found necessary to con- 
nect on where the circuit is alive, they take out the 
double plug fuse on the primary. The fuse can be put 
in with safety when the current is alive. That is the 
primary tube. 

Mr. Seely : I would like to state, in response to 
the inquiry of the gentleman from Philadelphia, that the 
Manhattan Electric Light Company, of New York City, 
have an ingenious way of connecting from the primary 
to the converters. They place the primaries in front of 
their houses into binding posts, and those binding posts 
are insulated. In case a subscriber is put in, they put in 
what they call a primary switch, and after the insulation 
is made and the lamps installed, all that is necessary is to 
close a switch. They have also interposed those switches 
into all their lines now, as the Fire Underwriters have 
requested it. 

Mr. Law : I may be a little thick-headed, but I do 

not get at just what I wanted to know, and that is, how 

they make the attachments directly to the primary 

mains. I have done it, connecting converters by using 

17 



242 

a plug or a switch, but the trick comes in putting the leg 
on to the primary main to get at this plug or switch, or 
binding post, whatever you use. What I want to know 
is, how we can connect that primary loop to the con- 
verter on to the main of the primary and not get the 
shock that we are liable to get, provided those lines have 
a little leaking. 

Mr. Seely : I would not advise any one to attempt 
to make a connection to the primary with a thousand 
volts. It is a well known fact that it is being done 
every day by legging on to the primary with rubber 
boots, rubber gloves, etc., but I know" of no well known 
means by which you can avoid receiving a shock if the 
poles happen to be damp or you are standing on the 
sidewalk. They do handle some very high tension cur- 
rents in New York City, and I do not think we have 
had any deaths to the present time, but it is only a ques- 
tion of time. 

Mr. Haskins : I might say that during my con- 
nection with Mr. Ferranti, although we were running a 
very large circuit from the Grosvenor Gallery, we had 
only one death in connection with the system, and that 
man was killed by being carried around the pulley by the 
rope gearings, so that the 2,500 volts was not responsible 
for that. It is not Mr. Ferranti's intention that the wire 
should ever be tapped into when alive. Mr. Ferranti 
does not keep his wires alive constantly. He generally 
opens each circuit for about half an hour every day. I 
have known them to be open for a little longer than that. 

Mr. Bradley, of Fort Wayne : I would like to ask 
Mr. Haskins what is the rate of alternation — how many 
periods per second ? What is the standard ? 

Mr. Haskins: I cannot tell you what the rate of 
alternation is. I do not know. I might have figured it 
out if Ihad thought to do so, but I did not. 
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Mr. Bradley : I find, according to the number of 
pole pieces and the rate of steam, that the small machine 
is about I i,ocxD reversals. 

Mr. Haskins : Yes, sir. 

Mr. Bradley: Per minute, and the larger one is 
only about 7,900 — something like that. I should think 
that no two machines could be placed on the same 
system so far apart. 

Mr. Haskins: Vou mean two machines could not 
be placed in multiple. 

Mr. Bradley : No, used first one then the other, 
because the transformers have to be planned according 
to a certain rate. 

Mr. Law : You found that difference in frequency 
between the 1,500 horse power machine and the 10,000 
horse power machine. 

Mr. Bradley : As I understand you, 40 pole pieces 
and 280 revolutions for the smaller machine, 60 revolu- 
tions and 132 pole pieces for the large machines. 

Mr. Haskins : It is possible that I have erred in 
regard to the speed of the smaller machine. The fre- 
quency on both machines is the same. If there is an 
error, it is undoubtedly in the speed of the smaller ma- 
chine. 

I find that I have not given the speed of rotation 
in the 1,500 horse power machines. I gave the rate of 
rotation on the Grosvenor Gallery machine of 625 
horse power, and I gave the rate of rotation of the 
10,000 horse power machine. The frequency of the 
10,000 horse power and the 1,500 horse power machines 
w^ould be the same. 

The President : Are there any further remarks on 
the subject of Mr. Haskins* paper? If not, we will pro- 
ceed to the consideration of the next item on the pro- 
gramme. 
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Mr. Perrine : Mr. President, some of the gentle- 
men present might be interested in rope gearing, and I 
though I would mention that there is a very excellent 
system of rope gearing in use in this city, on the Cable 
road, at the power house, which I have no doubt there 
would be no objection to the members seeing if they 
should care to go over there. 

Mr. Haskins : In that connection, I should like to 
ask the gentleman what kind of rope they use ? 

Mr. Perrine : I do not know, I never saw it until 
yesterday, but I think they use cotton rope. 

The President : I can state about that. They use 
manilla rope. 

Mr. Pope : Mr. President, Mr. Walter B. Phillips, 
an old journalist of Providence, said he once thought 
that one of the unsatisfactory things aboiit journals was, 
that they sent stuff broadcast through the world, and you 
never knew whether it was appreciated or not. In view 
of that I wish to offer the following resolution : 

Resolution of Thanks to Daily Press. 

** Resolvedy That the sincere thanks of the National 
Electric Light Association be tendered to the publishers 
and staff of the Providence /(?/^r;?^/, Providence Bulletin, 
Providence Telegram, Boston Herald and Boston Globe 
for the very complete and accurate reports of the pro- 
ceedings of the Thirteenth Convention that have ap- 
peared during its sessions in Providence, February 1 7 to 
19, 1 891." (Applause.) 

The resolution was seconded and unanimously 
adopted. 



The President : We will now listen to a paper by 
T. Carpenter Smith, on ** Distribution and Care of 
Alternating Currents." 

DISTRIBUTION AND CARE OF ALTERNATING 

CURRENTS. 



Gentlemen : After Mr. Haskins' very interesting 
description of the English practice, I feel a hesitation in 
saying anything about our own practice, as it seems to 
be on a so much smaller scale ; but, I think, we make up 
in the number of plants what they have gained in the 
size of the few plants that they have in operation. 

I feel some reluctance in speaking upon this subject 
at all, because I have already spoken upon it at two or 
three Conventions ; but it has been brought to my notice 
that while a good deal of it is an old story to some of us, 
there are new stations starting up every day, and it 
is to these people that I address myself more particularly. 
I want to keep them from falling into the same holes 
that we fell into, and I do not think there is anything 
that has hurt the business more than the failures in it — 
I do not mean the practical or the working failures, but 
the commercial failures. The men who put their money 
into those original plants, without any knowledge, and 
who did it on the faith of their engineers, and who found 
that they did not get a sufficient return from it, are not 
only loath to spend any more money themselves, but 
they exercise a very bad effect on others when they try 
to influence new capital. 

I will begin by stating that there are a great many 
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points covered in the care of the alternating currents as 
used for electric lighting that apply with equal force to 
all others at present in use for commercial purposes. It 
is always the unexpected that happens, and, no doubt, 
many points arise in practice which are never known 
outside of the station in which they occur, being treated 
as matters of course. If, therefore, I seem to omit any 
point which should be covered, it must be remembered 
that it is my intention, as much as possible, to avoid re- 
capitulation in such cases, but only describe some pecul- 
iarities of alternating current distribution which render 
certain precautions especially necessary and valuable. 

To more easily arrive at these it will be well, however, 
to briefly state the different forms of electrical currents 
now in commercial use, and what we may call the govern- 
ing characteristic of each. I leave out those which come 
first in the history of the question ; namely, telegraph, 
telephone, district call and fire alarm current. They are 
only worthy of note for their generally poor installation 
(laughter), the telephone lines especially being a perpetual 
nuisance to all of the others. This arises chiefly from 
their being of such light gauges of wire that they will 
not stand any exceptional strain, such as is placed upon 
them by sleet storms or heavy gales, while the effect of 
rust and deterioration from atmospheric causes rapidly 
reduces them to the point beyond which they will not 
carry their own weight. I need not say that the moment 
they fall upon any electric light or power wires they be- 
come a menace not only to the company operating the 
wires on which they fall, but themselves become danger- 
ous to passers-by in the streets who have not yet learned 
that any dangling wire is worthy of avoidance. 

Perhaps the strongest reasons why these wires are 
present in such overwhelming numbers in most cities is 
the fact that their value as ** scrap " material will not pay 
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the cost of taking them down. In other words, a short- 
sighted policy decides that it is cheaper to leave them up, 
and they are abandoned until they either fall down or are 
taken down by some other company which has reason .to 
fear them. 

The first that we consider of the currents now in 
general use from central stations are the '* arc lighting 
circuits." To take the most powerful current generally 
operated on this system we place it at about lo amperes, 
and from 2,500 to 3,000 volts on a single wire. In this 
current we have, as a rule, the governing characteristic 
of a very high tension, but with small volume ; and it 
may be well to note the particular form of danger to 
which it gives rise. Its high tension makes it dangerous 
both as to life and fire, from its liability to leap through 
the insulation, when the current has once been started to 
form a long arc. On the other hand, the danger is 
limited by the fact that the volume of current is small, 
and that the short circuiting of the line by any other 
conductor tends, as a rule, to simply cut the lights out, 
rather than to cause any great danger at the point where 
this happens, while nearly all the machinery of this type 
in general use automatically reduces the energy at once. 

The chief points to be guarded in these currents are, 
therefore, practically covered by the general precautions 
of good insulation and protection against leakage by 
moisture reaching the wires, while the danger to life is 
very largely eliminated by the usual practice of placing all 
lamps and appliances well out of reach of the public, and 
confining their care entirely to employees who are pre- 
sumably skilled, and who will therefore handle the mat- 
ter intelligently. 

In the second great division of electrical currents 
which we consider, the '' Low Tension Direct Current" 
system, the ruling feature is the large quantity. We 
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may say that this current is practically not dangerous to 
life, but very dangerous as regard fire if not properly in- 
stalled and protected. It is, however, a simple matter 
to properly protect these wires and the low tension 
not putting any great strain on insulation, we may dis- 
cuss it as fully covered by the ordinary rule of the Fire 
Insurance Underwriters, who, in this respect, owing to 
the nature of the business, have even more interest in the 
saving of property from fire than the central station 
itself. The great danger, however, lies in the fact that 
the volume of current is so great that any short circuit 
on the main lines developed an enormous amount of en- 
ergy at the point of accident, sufficient — on the author- 
ity of Mr. Edison himself — to reduce the pavement to 
a molten mass for many feet. (Laughter.) The gen- 
eral public also must necessarily have considerable care 
and control of the distributive appliances, and in their 
ignorance will often put grounds on the wires, or replace 
fusible plugs by copper wires ; and this all has to be 
watched for. 

And that is a danger that I think central stations 
ought to interest themselves more in. In Philadelphia, 
we have got to a very good point with the underwriters, 
and they keep inspectors constantly at work ; they do 
not merely inspect the work when it is being put in, but 
they go to a man's building at odd times and look over 
his wiring again, and if they find any such foolishness as 
copper replacing fuses they will very often order his 
lights to be taken out ; and it has only taken one or two 
instances of that kind to awaken the public to the fact 
that there are rights which the central station has and 
there are certain precautions which they themselves must 
take. 

The third great branch, and the one with which we 
more particularly concern ourselves to-day, is compara- 
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tively a new one, but has, in the short time it has been in 
existence, had so phenomenal a growth that it is no 
wonder that we find even the commonest precautions 
oftentimes neglected in its use. 

In the ** alternating'* or ** converter" system we may 
say at once, as regards the secondary distribution, i, e,y 
from the converter to the lamp, that the rules already 
laid down for the installation of low tension direct 
current wires will practically cover the case. The 
alternating current of fifty volts, which practically is 
the standard to-day, will work successfully with insula- 
tion and under conditions which would lead to trouble 
immediately with even the one hundred volts direct cur- 
rent ; and this fact in itself often leads to poor work, 
either from intention or ignorance. The wiring, of 
course, must be proportionately heavier for this current 
than for the direct, which perhaps adds some slight risk, 
an under-sized wire being used ; but this is an evil which 
will generally correct itself owing to the diminution in 
light making itself felt before the danger point is 
reached. The fact also that the converter cuts off all 
connection between the customer and the company re- 
moves the great danger of grounds on one building 
affecting the whole system. 

There are certain peculiar features, however, which 
should not be overlooked ; namely, that moisture will 
often cause sufficient leak in any way of a short circuit 
to heavily overload the wires, while not sufficient to start 
the **dead" short circuit, which would blow the fuses. 
For this reason, special care should be taken that the 
wires are properly '* fused," and that in the event of a 
fuse persistently blowing with only its proper number of 
lamps, search should be made for leaks. 

The general tendency in the electric light business 
being now very largely to make the consumer responsi- 
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bie for all the wire upon his own premises beyond the 
converter, narrows the subject down to that on which I 
wish more particularly to speak — '\ High Tension Alter- 
nating Current Distribution." This current has, to a 
certain extent, the governing characteristics of both those 
mentioned above, and this has excited a disproportionate 
fear of it. Its tension of i,ooo volts (to take that 
oftenest used) is high enough to make a first-class insula- 
tion necessary as a precaution against leaks, which may 
soon break out altogether, and its being a constant 
potential system allows the whole power of the dynamo, 
or rather of the engine driving it, to be possibly devel- 
oped at any point of a short circuit. 

Without going into the fiercely debated question of 
direct z^^. *' alternating" currents, I would call attention 
to one fact. With high tension ** direct" currents I have 
linemen, in repairing lines or cutting in circuits, handle an 
arc circuit of perhaps 2,000 volts when they could hardly 
touch it, and by taking a quick hold and keeping it, 
make a connection while really in a position of great 
danger, since a ground coming on the line elsewhere 
would surely kill or injure them, though they would not 
believe this since they could only feel the current at the 
moment of taking hold or letting go. With the alter- 
nating, however, the effect is constant, and so intensely 
disagreeable that a very slight leak, indeed, will discour- 
age any one from running the least risk on live circuits. 
I may mention in this connection that as far as my 
experience goes (and I believe some of the learned 
doctors agree with me), the action of a heavy shock of 
alternating current is to force the diaphragm upon the 
chest, compressing the lungs, and literally squeezing the 
breath out of one, causing the cry which seems peculiar 
to those caught in this way. If the person is stunned, 
dash cold water on the face and chest, loosen the cloth- 
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ing, especially at the neck, and use artificial respiration, 
as for the drowned. One of our linemen, who was 
badly caught, was brought round by these means, after 
being, to all intents and purposes, dead for nearly ten 
minutes, no breath or pulse being visible. 

Coming now to my subject proper, the first precau- 
tion which I think we should take in any case is to 
properly lay out a system of distribution according to 
the circumstances of the installation. Almost the first 
point to be thoroughly settled is the size of unit dynamo 
which it is proposed to use. This should be kept as 
large as possible for the reason that, practically, a large 
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dynamo takes no more care to look after than a small 
one, while at the same time care must be taken not to 
get it too large, since an underloaded dynamo and engine 
is not economical to run. 

The second point is, that as alternating current dyna- 
mos are easiest to run separately and not in multiple arc, 
the planning of the pole-lines, feeders and mains for the 
various circuits should be such that these units can be 
economically used. 

Another point to be looked at in the general plan is 
that wherever possible the sizes of mains and feeders 
should be kept the same throughout, thus reducing the 
number of sizes of wire used in street work, and keep- 
ing the pole lines and fittings as uniform as possible. 

It is astonishing how few different sizes of wire are 
really needed if care be used in planning, for it is always 
a good fault to keep the sizes up, both for mechanical 
and electrical reasons. 

It must not be forgotten that, however much we may 
be able at the present, or have been able in the past, to 
control the condition under which we shall supply the 
public with any article, it is only a question of time when 
the public will decide for themselves, not only under what 
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they will take what we have to supply. 

In the early history of electric lighting, and we may 
say even to the present time, as far as arc lighting is 
concerned, the contract basis will be the one upon which 
the light is sold. With incandescent lighting, for many 
years the contract system seemed to be the basis, but as 
soon as a good and reliable meter was placed upon the 
market, that moment the conditions were changed. 

It is a part of our human nature to desire only to 
pay for that which we use, and it is equally part of our 
human nature to try and get something which we have 
not paid for, and for this reason there will always be those 
who desire the meter system and those who desire the 
contract system, but the weight of public opinion is so 
heavily in favor of the meter system that we may, to all 
intents and purposes, consider it as the adopted method 
of sale. 

Electric lighting is after all only a lighting business, 
and those who are concerned in the furnishing of incan- 
descent electric lights will learn many a valuable lesson 
from the gas companies, who, as I have more than once 
reminded you at these conventions, did not reach their 
present methods and conditions by having them schemed 
out at the start, but through much tribulation and many 
trials, so that their present methods are simply another 
instance of the survival of the fittest. For these reasons, 
in deciding on unit sizes, remember to count on probable 
load and not on probable number of lights rented. 

To begin with the dynamos, we may say that the 
best unit to use will be probably found by taking the 
maximum all day load. In some cases, however, this 
will be very light compared to the loads thrown on dur- 
ing the ** heavy hours," and in such cases it may be bet- 
ter to use a much larger machine for the sake of uni- 
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formity with its many advantages. If multiples of a unit 
are used, only one or two square parts need be carried, 
the feeders and mains can all be laid out alike, and any 
dynamo is ready to take the place of any other without 
any preliminary cutting and changing of circuits. 

The question of sub-divided power is a vexed one, 
and one in which we can never hope to see all agree, and 
I therefore do not make any suggestions beyond noting 
that a dynamo which can pull up its driving engine with- 
out injury to itself is a good thing ; that running a 
small engine as a relay is cheaper than running a large 
one, and that in incandescent lighting the customer, not 
the central station, regulates the load. Of course these 
remarks apply only to engines of the same type. I do 
not set a small high speed single expansion engine 
against a large compound or triple expansion one. 

Keep dynamos well insulated, but put collectors to 
lead off static electricity from the bolts. If there is a 
slight leak on one of your circuits, the easiest path 
for the spark may be to jump into the armature and so 
to line the ground, and this spark will punch through 
almost any insulation, and gradually keep making it 
weaker till some day the the current generated in the 
armature follows the spark and your armature is gone. 

Look carefully to all screws and bolts ; the alternat- 
ing current seems to have some peculiar effect (perhaps 
by mechanical vibration, perhaps by actual molecular 
expansion and contraction), in loosening screws, causing 
small arcs which may melt off connections, or may make 
bad contacts. Nothing is more annoying than to have 
a dynamo operating perfectly until shut down, and then 
refusing to start up again. This comes often from such 
poor contacts, the current following and bridging over 
as long as it is kept going, but failing to make the first 
jump necessary to start. In arc lighting machinery this 



254 

used to be got over by '* jumping the machine " or short- 
circuiting it for an instant ; and I have known alternat- 
ing incandescent dynamos ruined by being served the 
same way. 

A small air pump and tank with lines of pipe through 
the station and a hose to direct a strong jet of air into 
the armatures will be found a valuable addition to station 
equipment, and the amount of dust and copper which 
can be blown out after the hand bellows has done its 
best, is surprising. 

Have your switchboard so that circuits and dynamos 
can be easily and quickly changed. 

One feature which Ferranti seems to have early fore- 
seen, and that is a feature which in our American practice, 
I think, has been somewhat neglected, is the use of fuses 
with a very much greater distance between the points of 
attachment, and some ready means of replacing these 
fuses without danger to the person so doing, even if a 
short circuit should still exist on the line which is being 
handled. 

For this reason also it is a great mistake to crowd 
switchboards too closely. There could be abundant 
room given both for the operator to stand in front of 
the board and to beat a hasty retreat, without the danger 
of being caught by machinery or bolts behind him, and 
to allow the free use of the hands and arms without the 
danger of being burnt by fuses in the immediate neigh- 
borhood, which may go off at any time. While an 
alternating current will not make much of an arc when 
a fuse melts simply from overload, it does make a wicked 
and demoralizing one when a short circuit is present, 
especially when it has a heavy machine behind it. 

There will always be some hesitation, I think, as to 
the adoption of devices for putting in fuses which do 
not have a positive contact, such as a screw connection, 
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or one which I think Ferranti used, a plug which can be 
twisted in at every application, thereby keeping the con- 
tacts clean. I think, however, that we shall soon see a 
fuse adopted which shall be in the form of a switch 
which can be opened and closed as often as needed to 
keep contacts bright and clean. 

In fitting up the fuse blocks and switchboards it is 
as well to leave no points or sharp corners exposed, since 
the alternating current will jump from such points if it 
be trained across or induced to do so by the presence of 
the lead vapor from a fuse which has blown. 

It was one of my earliest experiences to see an arc 
jump in this way, from the ends of wires which had been 
pushed so far through the connections on switches as to 
show their ragged points beyond the metal of the switch. 
The arc which was formed on a blowing out of a high 
tension fuse bridged between two such points, a distance 
of nearly lo inches and held there for some 15 or 20 
seconds, in which time it had pretty thoroughly melted 
up the brass parts of the switches. In this case the arc 
had been started by throwing in a 100,000 watt dynamo 
on a short circuit. 

While high insulation is needed on a switchboard, 
which leads many to the use of rubber wire, I would say 
that I think a far greater danger is introduced by its use, 
namely, fire. On an incandescent board, fuses may go 
at any moment and draw a heavy arc with them. If 
coverings and fittings be used which will not carry flame, 
. all is clear for new fuses in a few seconds ; but if fire 
once starts and the other fuses let go, there is no saying 
where the damage will stop. While the voltage was 
enormously higher, and we do not know under how 
much more difficult conditions they labored, the destruc- 
tion of a switchboard in the Grosvenor Gallery Station, 
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in London, and the consequent shutting down of 30,000 
lights, is a warning which all should heed. 

It is always best to have no wires concealed anywhere 
about a station, and they should be run on porcelain or 
glass insulators so as to be perfectly safe from fire even 
if they should be soaking wet. With wires running this 
way there need be no fear of throwing water on wood 
work which is in danger of catching fire, since the worst 
damage that can be done would be the blowing of the 
fuses from a short circuit. Of course, the covering of 
the wires should be of a kind which will properly protect 
those who are working among them. A separate am- 
meter and voltmeter on each circuit or feeder, while 
apparently an expensive luxury, is in reality a very great 
saving and convenience in a station which has lines ov^er 
a half mile in length. The ammeter enables one to tell 
precisely on what feeders the load is heaviest ; and where 
more than one feeder runs to any district, it is a conven- 
ient means of knowing just upon what circuit to cut in 
the lights for any new customer. If the system in use 
allows any compensating device for indicating the correct 
voltage at the point of distribution, instead of in the 
station, it will be so much the better ; and also to have 
on all feeders if possible, but certainly on extended ones, 
some arrangement for raising the electromotive force, in 
order that both short and long feeders may be operated 
from the same dynamo. Of course, there are many 
cases where it pays to run a separate dynamo at higher 
voltage for a particular feeder or set of feeders on which 
there is a heavy drop. But even in such cases it is often 
useful to be able to run these feeders with those on 
which the drop is small from the same dynamo. 

Put pilot lamps on each feeder, which will often 
attract attention to a circuit being out quicker than the 
voltmeter, and put pilot lamps also on each field circuit. 
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If separately excited dynamos are used, put pilot lamps 
also on both the main circuit and field circuit of the 
exciters. These pilot lamps need not, of course, be up 
to candle power ; high resistance lamps or lamps placed 
in series will be quite sufficient, and the amount of cur- 
rent they use inappreciable, while the saving in time 
which the lamps afford in case of any failure of current, 
enabling an attendant to locate the trouble at once 
between certain points, is often considerable. Thus, if 
the pilot lamps on the main feeder and on the field 
circuit of the alternator have both gone out while the 
pilot lamps on the exciter mains and exciter fields are 
still lit, it shows that the trouble is somewhere between 
the pilot lamps on the field circuit and the exciter mains, 
being probably loose contacts in the switches, or some- 
thing of that kind. If the pilot lamps of the alternator 
only have gone out there is no use looking for any 
trouble about the fields or the exciter circuits, since the 
pilot lamps being lit there shows at once that the 
trouble is further on in the chain of connections. It 
may seem a refinement to put in such arrangements for 
the sake of saving a few minutes or even seconds in 
locating troubles ; but it must be remembered that the 
public are more and more demanding that incandescent 
lighting shall be as continuous and reliable as any other 
method, and when all the lights in a building go out at 
once, a few seconds delay may be a very serious matter. 
The public are not concerned with what the cause of 
the trouble may be, but only have one question *' Why 
do I not get the light that I pay for ? " and the man who 
rents one light is often more troublesome than the man 
who rents a thousand. 

Separate exciting, I think, will be found to give the 
easiest handling of dynamos, and also has the advantage 
that as long as the alternators each have their independ- 
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ent rheostat, the regulation of the exciting current 
regulates all the lights with very little trouble. 

For small stations self-exciting machines have their 
advantage since it gives less actual machines to look 
after ; but I doubt whether this advantage is not more 
than covered by the fact that it is a simple matter to 
carry a spare armature for the small exciter, which can 
be slipped out in a few minutes, rather than to have to 
change the heavy armature of an alternator because of 
some slight trouble with its exciting coils or commu- 
tator. 

While alternating current dynamos are best run 
•separately and the need of synchronizing is not often 
felt, when it is wanted it is wanted badly ; and it is a 
good plan to carefully speed all machines and engines so 
that they will all run at one speed when light, and at a 
certain increased speed when loaded. This can generally 
be done with separate engines by changing the gov- 
ernors, and, where shafting is used, by slight changes in 
pulley diameters, and this will enable the dynamos to be 
run together if required, with as little trouble or danger 
as may be. 

The keeping of a careful log in boiler, engine and 
dynamo rooms I need hardly refer to. For some years 
now in the larger and better equipped stations it has 
been customary to weigh the coal used under the boilers 
and to keep an hourly or half-hourly record of the load 
upon each dynamo and feeder. Now that reliable 
meters can be had for use on high tension circuits, I 
think it would be a matter of the greatest importance to 
have one of these placed in the circuit of each separate 
feeder, since by that means we are enabled to check up 
the difference between the amount of current furnished 
to the feeder at the station each month, and the amount 
of current which is charged to the various customers on 
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that same feeder. There is something more than the 
station meter of the gas company, and its value as a 
means of detecting leakage on the lines, whether from 
bad insulation or from theft of current, cannot be over- 
estimated. 

One point we must always keep clear before us, and 
that is, that as long as the contract condition of selling 
light existed, the cost of making this light did not bear 
so unvariable and fixed a value with reference to the 
profits of the station as it does where a meter is used. 

With the contract system there might be many con- 
tracts made for the use of a certain amount of light, 
which amount of light would not be used, resulting in a 
direct profit to the company, which in such cases 
received money for what it did not furnish ; but with the 
meter system the only receipts of the company are for 
the current which is delivered to the customer per watt 
hour, and the cost of producing this current per watt 
hour is the measure of success or failure. 

It is, I suppose, hardly necessary to refer to the ad- 
vantages of keeping careful records of dynamos and 
converters and all repairs to same. The advantage of 
such a system of records can only be appreciated by 
those who have used it. There are certain classes of ma- 
chines in which armatures will last without giving a sign 
of trouble for from two to three years, and then one coil 
after another will commence giving out. It may be 
found that when a machine has been running for per- 
haps a few months and a coil gives away, that this coil 
may have given out from some local defect or injury in 
itself, and it will be worth while to repair only this coil. 
On the other hand, if at the end of four years a coil gives 
out, and then a month or two later another coil, it may 
pay better to rewind the whole armature than to do any 
patching, since the chances are that the whole arma- 
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ture is weakened and .will keep on breaking down until 
the whole has been rewound anyhow. The same with 
converters ; there will occasionally be found a converter 
which is always in trouble. It may keep blowing fuses 
or burning out switchboards continuously, and in a short 
time the extra cost of taking care of it would soon 
amount to more than a complete repair. 

I do not mean to include in the regular repair book 
such small items as the placing of fuses ; but it is aston- 
ishing how much can be learned about converters by per- 
sistently following them up. The meters which are now 
in general use cannot be too carefully watched. There 
are numerous little troubles which arise with them, chiefly 
from poor contacts and dust. By keeping a careful 
record from month to month a great deal may be learned 
about them, and some of the apparently unaccountable 
changes in their records traced up. 

Among some of the minor points which must be 
looked out for are, first, to see that spiders and insects do 
not get into them and stop their motion, and, secondly, 
that the growth of electrical knowledge among the cus- 
tomers does not extend to make them try to beat the 
meter. We have found cases where this was done by 
drilling a very fine hole in the case of the meter and 
dropping into it a fine wire which should touch the 
vanes and so stop the meter recording, this being done 
for perhaps two weeks in the month, so as not to arouse 
suspicion by a total cessation of the record, while at the 
same time allowing a wide interval of time during which 
the meter inspector might make his rounds without 
detecting the presence of this wire. 

The short circuiting of a meter has been practiced to 
some extent, but this can usually be guarded against by 
running both wires to the meter under mouldings, which, 
as a rule, the customer does not care to meddle with. In 
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one type of meter we have seen large pieces of iron 
placed beside it to interfere with its record, and this 
will affect almost any mechanical meter. The electric 
meter being, as a rule, placed like its cousin, the gas 
meter, in the darkest and most inaccessible spot in the 
building, is not always easy to keep closely watched, but 
if it is, a few good examples will often do away with 
a large measure of trouble. 

To take up the second great branch of my subject, 
that of the '' Outside Distribution," let us return to the 
point where we spoke of the importance of outlining the 
plan and layout of the circuits in connection with the 
decision of unit dynamo. 

For the outside distribution, the first point that we 
have to consider is the question as to whether the 
wires are to be run overhead or underground. Without 
expressing any preference for one or the other, I would 
mention a few points in each which should be carefully 
looked after before deciding upon the use of either. If 
underground work be possible, what advantage do we 
gain by its use? We may say that we practically get 
rid of all of the trouble connected with storms and 
fires and other incidents of like nature. We also re- 
move a great deal of the public clamor against the 
use of electricity, and we avoid the annoying interrup- 
tion to work which goes on from the mere fact that 
our operations have to be conducted in full sight on the 
public streets. We also, to a certain extent, get a kind 
of claim upon premises where the current has been in- 
troduced underground, since, as a rule, the connections 
are not visible from the outside ; and when the cur- 
rent has been cut off we are not required to remove 
them, as is often the case with overhead wires. All 
things considered, the maintenance of underground 
cables would probably be less than that of overhead 
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wires, providing that the fixed charges due to the 
enormously increased cost be left out, since accidents 
to overhead lines generally occur altogether from 
storms, etc., compelling the carrying of a larger force 
of wiremen, or a proportionately longer time to make 
repairs. 

The greatest disadvantages of underground wires are 
undoubtedly the uncertainty as to their life, both from 
want of experience and from ignorance of the exact 
causes which lead to their destruction ; and also that their 
enormous first cost raises the cost of the production of 
the electric light to a point which compels us to charge 
the public more for their light than they are inclined to 
give, which fact, in many cases, actually prohibits its 
introduction. ^ A very peculiar series of phenomena are 
introduced when wires are placed underground in such 
close proximity to one another, as they necessarily must 
where a large number are run in a conduit together, and 
these results are not very well understood so far even by 
those who have had the most experience with them. I 
may cite as an instance of this the effect which has been 
observed in Mr. Ferranti's 10,000 volt mains from the 
Deptford station, where the electromotive force at the 
London end is higher than that at the generating sta- 
tion. There seems to be some doubt as to what causes 
this condition, and so far some controversy over it; 
though it would appear from recent utterances to be 
fairly well proved that it is due to static capacity, one 
thing seems certain that a similar effect has been observed 
on some overhead lines ; but in the latter case it has not 
been sufficient to interfere with good running. 

If the overhead system be determined upon, nothing 
but the very best construction should be used. It must 
not be forgotten that the majority of accidents which 
have occurred from overhead wires, have nearly all been 
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caused by poor construction. I do not think I am far 
wrong if I say that all accidents which have occurred, to 
others than employees of the companies, have been 
caused either by poor construction or gross carelessness 
on the part of those injured. With employees the case 
is somewhat different. Undoubtedly many have been 
killed by their own carelessness ; but there is a certain 
class of accidents which occur to the most skilled men 
and under the most extraordinary conditions, which 
must be set down simply as true *' accidents," and against 
which no better provision can be made than by careful 
construction and inspection. 

I think I will detail the method which was followed 
in laying out the feeders for a large central station, as a 
modification of this will be probably found in most 
cases. 

The bulk of the lighting was expected to be on two 
main streets of the town, running parallel with one 
another on a long curve for about a mile and a half, and 
the central station was located about half-way between 
the center and end of this line, and about one-half mile 
distant from the nearest of the two streets. There were 
five cross streets available, running from the central 
station in almost a straight line to different points of the 
main lighting district, and the question was raised as to 
which would be the best to use for running the main 
feeders. Approximate calculations showed that the full 
load of the largest machine proposed, 3,000 lights, could 
be carried between any two of these cross streets or 
feeder junctions with the maximum drop proposed if 
No. 3 wire were used for the mains. It was therefore 
decided to use a No. 3 wire continuous from end to end 
for the mains to start with, proper arrangement being 
made to cut this main into sections as fast as the load 



264 

should increase, so as to render the splitting up of the 
load on to one or more machines necessary. 

To determine the size of feeders the only point raised 
was as to which was the heaviest wire which could be 
run upon poles and handled easily. It was determined 
that No. o Brown & Sharpe would best fill the conditions, 
and five lines of No. o Brown & Sharpe wire, on each 
street, were run up and tapped into the mains at the 
junctions of both streets. The maximum number of 
amperes that could be carried by each feeder with two 
per cent, loss was then calculated and marked on the 
feeder at the switchboard and on the plans, thus : No. 
I feeder being the longest would only carry 22 amperes ; 
No. 2 feeder would carry 40 amperes ; No. 3 feeder 
would carry 80 amperes ; No. 4 feeder would carry 65 
amperes ; and No. 5 feeder would carry 30 amperes. 
These would all run the one switchboard, and as soon 
as the ammeter on any one of these feeders showed 
that the maximum load during the night's run reached 
its limit, a second No. o wire would be run on this pole 
line and multipled with the first, doubling the capacity 
of the feeder at once. In the same watt, as long as the 
total load on all of the feeders did not reach above the 
first 3,000 light machine installed, the mains were left 
continuous ; but as soon as this limit was reached the 
mains were cut at such a point as to about divide the 
load into two (2) parts, and two machines were started. 

This progress will be kept up indefinitely, the feeders 
being always kept below two per cent, loss and the mains 
cut to accommodate the unit of 3,000 lights of dynamo 
capacity. 

The feeder which had the smallest available load, 
No. I, carrying 22 amperes, happens to be the feeder 
which run into the district where the fewest lights are 
expected, and in all probability will never be doubled up, 
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the district being thinly populated and with no im- 
mediate prospect of its being built up very much. 

In this plant another detail was introduced of mak- 
ing the breaks in the mains by means of switches, so that 
in the event of a breakdown of a feeder line the closing 
of these switches would enable the lights to be taken 
care of by the machine on either side. 

The plan, in fact, makes the whole system of mains 
one large switchboard, allowing for the transfer of lights 
up and down the line among the different sections. 

In laying out long feeders, try and keep those which 
belong to different circuits as far apart as possible, since 
w^ires which run parallel with each other for long distances 
will cause interference, especially if the voltage of 
one circuit be considerably higher than that of the other, 
and still more if the static capacity of one be much larger. 
In putting in new* lines be very careful to avoid the 
effects of induction from live circuits, which sometimes 
rises to an unexpected degree. I have known of a case 
where men received a heavy enough shock to throw 
them down in taking hold of the bare end of a wire 
totally disconnected in every way from the circuit, but 
which ran parallel for about half a mile with a 1,000 volt 
feeder. Had these men been handling a bare end on an 
iron pole they might have received shock enough to 
throw them down, and injure them seriously from the 
fall, when we should have had another ''mysterious 
accident" with electricity. In placing converters, while 
in many cases they can be placed with perfect safety in- 
side of buildings, they can be placed outside in positions 
where they can be got at easily for re-fusing and without 
disfiguring the buildings to any extent. A very good 
rule is to allow no porcelain insulators on out-door work ; 
nothing but glass put on iron brackets so made that the 
glass can always stand upright to prevent filling with 
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water. No loops should be allowed to be cut in on the 
circuits between poles, but all connections should be 
made at a pole. And in the case of converters placed 
inside buildings, a double pole switch should be placed 
at this point, though I should not think it absolutely 
necessary in the case of converters placed outside of 
buildings. 

Run converters separately as much as possible, and if 
it is absolutely necessary to run them in multiple arc, 
keep a close watch upon the fuses, since when run in 
this way converters have a trick of blowing fuses without 
any apparent cause. Never change high tension fuse. 

When converters are brought back to the station for 
storage they should be kept in a warm dry room to pre- 
vent the condensation of moisture on the interior of the 
cases, which will damage them quicker than leaving 
them in service out of doors. 

It must not be forgotten that the thoroughly sound 
overhead construction is the strongest argument which 
can be advanced to-day against companies being com- 
pelled tp spend large sums of money on underground 
work. I have been so much interested in the pole-line 
work done in this city, that I have examined it with 
some little care, and I find some points that surprise me, 
though I was well aware that their construction was of 
the best, and I relate some of these points for your 
consideration. All new poles are made of sawed yellow 
pine, tarred, where sunk in the ground, and painted above 
it. No less than eight inches square being used any- 
where and the majority being lo and 12 inches. 

The cross-arms are not only heavy in themselves, but 
are rendered even more so by the kind of pins used. 
These are not of wood, but are made by placing a lag 
bolt with its head in the glass insulator and cementing it 
in solid with plaster of paris ; these lag bolts being then 
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screwed directly into the cross-arms, avoiding the weak- 
ening of the arm by large holes bored into it and doing 
away with snapping pins. 

All new wire strung is of high grade insulation, and 
all low grade wires, wherever taken down, are re-insulated 
with high grade insulation before being re-placed. All 
joints in the line are soldered, and nothing but iron 
brackets and glass insulators allowed for outside work. 
Not only have the iron brackets been made for all situa- 
tions, but they have been made in pairs, so that the 
leading wires shall always be kept a uniform distance 
apart, which adds enormously to the trim and workman- 
like appearance of the lines. I think all will agree with 
me that those who are willing to spend the enormous 
sums that such work costs have established a right to ask 
that they be not expected to do anything in the way of 
underground work until underground work has been 
demonstrated as successful in every way as the work 
that they have done here, and more than this, that such 
underground work shall possess decided advantages to 
compensate for the increased difficulty of locating and 
correcting trouble, in which respect the overhead line is 
undoubtedly far superior. 

If municipalities wish to place themselves in the 
front rank of progress, and at the same time encourage 
local industries, let them rather expend their energies in 
insisting on and compelling the proper carrying out of 
well tested methods of construction, than in demand- 
ing that untried principles and methods be experi- 
mented with, often under conditions which preclude 
their success. (Applause.) 

DISCUSSION. 

Dr. Mason : You refer to the practice in Great 
Britain, of placing converters on the inside of buildings. 
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I remember Mr. Musgrave told me he would not permit 
them to be outside of the buildings. 

Mr. Smith : There is one reason for that. I was 
very much surprised in reading over some of the Board 
of Trade rules in England that converters must be 
enclosed in a tight wooden case or something of that 
kind, and we now find that the English practice is not 
to put the converter as sold by the company in an iron 
shell. In the Ferranti converter in actual practice, as 
Mr. Haskins has described it, it would appear that the 
laminated iron is exposed, except when the converter is 
specially enclosed. Now, all the converters I have seen 
of American manufacture have had that outside shell 
entirely separated from the laminated iron, forming no 
part of the electrical equipment of the converter, but 
simply a mechanical protection outside. They come to 
us from the manufacturer with the case provided. The 
water would very soon destroy the European converters 
without that outside case. 

Dr. Mason : I would like to know from Mr. Has- 
kins whether they have had any case of serious trouble 
with their method of installation in Great Britain, that 
is, putting the converters in buildings. I could not see 
that any special method was used as to placing them. 
I found them up stairs in the cupola, down-stairs in the 
cellar, in entries — wherever it seemed most convenient 
to place them. But I know there i$ a great objection 
here. Almost everywhere, except in Philadelphia, it 
is forbidden that they should be inside any building. I 
would like to know if there has ever been any trouble 
resulting from the presence of a converter within a 
building. 

Mr. Haskins : To my knowledge there has been no 
trouble whatever with transformers in buildings. I 
think our practice was almost invariably to put the 
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transformer in the cellar, which does not seem like a 
very favorable place. I have here a number of photo- 
graphs of transformers, installed and in use. I have 
photographs of the transformers in Marlborough House, 
the Prince of Wales' residence, and in several other 
prominent houses, and I know of no one case where we 
have had any trouble with our transformers. As Mr. 
Smith has said, the Ferranti transformer is not entirely 
enclosed. About two-thirds of the lamination is en- 
closed. But the internal insulation of the transformer 
is very perfect and the wiring has to be done in the 
regulation manner inside. 

Dr. Mason : I cannot quite understand, if there 
has never been any trouble from a transformer in a 
building in one city, why elsewhere they should be 
absolutely forbidden ; but I cast that out and only to call 
attention to it. 

The President : I think I can answer the question. 
When we first introduced the system here we had a long 
talk with Captain Brophy about it. He was the supreme 
power. He said there was no reason why the converter 
should not be put in buildings, and yet he did not forbid 
it, arid his only reason was that with the converter work- 
ing warm some of the insulation might smoke a little 
bit and some one might cry fire, pull the fire alarm and 
call out the department. I believe we have lost one 
converter only in the hundreds we have got up here in 
town. It was mechanically defective. 

Dr. Mason : The man wanted a cradle simply 
because he had a daughter and that daughter might some 
time have a babv. 

I would like to ask Mr. Smith in regard to one point 
touching switchboards. I understood him distinctly to 
say that he had used none but stone or metal. Am I 
right ? 
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Mr. Smith : No, I did not say anything about the 
material of the switch. That is a question that I would 
like a little light on myself. We have been accustomed 
for some years to regard slate as the best material, but 
within a short time I have had an annoying accident 
happen from the use of slates, owing to the presence of 
mineral in the slate itself. I came across a statement in 
one of the journals that marble should not be used on 
account of the presence in that of so many pieces of 
mineral ; that slate was the only good material. But I 
find that the pure white Italian marble can be had in 
blocks without any mineral in it whatever, and it seems 
to me as though that would be the only substance that 
could be thoroughly depended on. But that will, of 
course, be quite expensive. For that reason I somewhat 
favor putting all switches and cut-outs and work of that 
kind on marble or porcelain bases, but making the 
switchboard itself of wood and allowing no wires to be 
clamped directly to it, keeping everything off the switch- 
board two or three inches. An air space of three or 
four inches will protect your board pretty thoroughly 
against fire. With a board of that kind, if there was 
danger of catching fire, I would not hesitate to turn the 
hose on it. 

Dr. Mason : Did I understand Mr. Smith to say 
that on a switchboard he would use none but an absolute 
water-proof insulation ? 

Mr. Smith: No, sir; I said nothing about that. 
I want an insulation that will not carry fire. Under- 
writers* has been very good for switchboards for that 
reason, and it has been reasonably safe for men, because 
the switchboard is generally in the driest part of the 
station. The underwriters' wire, however, is not by any 
means what we ought to have. It is purely a makeshift. 
But we do want for switchboards some wire which 
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will not carry flame, which cannot be set on fire either 
by the heat of the copper in it or by flames striking it 
from the outside. 

Dr. Mason : There seems to be no substance which 
can be put on for the insulation — nothing that is practi- 
cal — that is absolutely water-proof, excepting rubber or 
gutta percha. I think that can be taken as a settled 
thing. 

Mr. Smith : For that reason I say I do not lay so 
much stress on the wire being absolutely water-proof on 
the switchboard, because a wire is generally thoroughly 
dry. What I want is a wire that will not carry flame, 
and which will be reasonably safe for the men working 
about the switchboard. On a live switchboard you have 
got to go in among the wires and to take some risks. 
We want to make those risks as small as we can. 

Dr. Mason : Do you not see an advantage in hav- 
ing an absolutely water-proof wire ? 

Mr. Smith : It would be an advantage, but I do 
not see an advantage of having a water-proof wire offset 
by the danger of fire. 

Dr. Mason : Any gentleman who has trouble with 
his switchboard, if he has an absolutely water-proof line 
and has any sort of a cotton covering over it and will 
soak it with a solution of tungstate of soda, he cannot 
burn it if he tried. 

Mr. De Camp : Mr. Smith's paper is, in my judg- 
ment, the ideal paper for this organization — a paper just 
what we are organized to receive and discuss. It is a 
paper at great length, covering a great deal of detail in 
which knowledge gained by practical experience is very 
limited at this time. It will lead to a very lengthy dis- 
cussion to do it justice. There are a great many of the 
members of this Association who will be better able, 
better qualified to discuss it after having read it care- 
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fully, taking it up point by point, than they are at the 
present time. For myself I am not able to discuss the 
paper and probably never will be, but I would like to 
hear it very thoroughly discussed. Therefore, I would 
make this suggestion, and if the suggestion meets with 
favor I will resolve it into a motion. I would suggest 
that Mr. Smith's paper be put on the list for discussion 
at our next meeting in the shape of unfinished business 
if you choose. In the interval every one at all inter- 
ested in it will have read it. Mr. Smith will have had 
time to reconsider it, perhaps, and prepare himself to 
answer some pretty hard if not very foolish questions. 
If that suggestion meets with favor I would move that 
it be laid over as unfinished business for discussion at 
our next meeting. 

Dr. Mason : I rise to second the motion and also 
to say that if Mr. Smith had not so excellently discussed 
it I should like to have brought up myself here the 
matter of the construction in this city, which has com- 
mended itself to every man who knows anything about 
construction, who is here at this Convention, which has 
been the subject of remark. Not that there has been 
any want of appreciation of the elaborate station and the 
arrangement in the station. But this matter of construc- 
tion here is noteworthy as tending to answer the ques- 
tion. Shall wires go underground or not ? There is noth- 
ing unsightly. It is almost a thing of beauty. I second 
the motion of Mr. De Camp. 

Judge Armstrong : I agree very heartily with that, 
and may I make this suggestion — that very interesting 
papers are given here ; there is more or less attempt to 
have them discussed appropriately, but with such a paper 
as has been presented here by Mr. Smith, the discussion 
and the interest we all have would be immeasurably 
benefited and increased if we could have six months in 
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which to look over and ask questions concerning it. Of 
course, I am not an expert at all, but to me this paper 
seems the most interesting that we have had at the Con- 
vention, and practically, I presume, it will do more for 
the electric lighting interest than even knowing about the 
proper way to measure the candle power of incandescent 
lamps, for instance, or some other such matter. They 
should be interesting to those engaged in that scientific 
part of the business. One thing has been referred to 
that I would like to mention here. I am president of an 
electric lighting company. It is not at all unbecoming 
for me to say that I do not know anything about 
electricity. Of course, the president of a company is not 
expected to know anything about that. I do know, 
however, a good deal about the expenditures of money 
and what stockholders think of the large amount of ex- 
pense. I want to say, if there are any of your stock- 
holders here, Mr. President, that I believe your company 
has come nearer filling the mission of a public enterprise, 
to which I referred last night, than any enterprise of 
which I know. That magnificent station that you have 
there, building for the future, preparing the supply for 
the public demands that may be made upon you, making 
duplications and arrangements by which, almost under 
any contingency, you can meet the public demand, is 
something which, though it has cost your stockholders a 
great deal of money, as it must have cost them, they 
can well feel satisfied with having expended the money 
for. The enterprise, the bravery, the patriotism, if you 
please, that will prompt a company to make such an in- 
vestment as you have made there, is, I take it, a thing 
of which they may well be proud, even although they 
do not get dividends for some time yet. It is a proper 
business investment with which they should be well sat- 
isfied and of which we, as representatives of electric com- 
19 
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panics, who have our money invested in this enterprise, 
should be proud as placing on a solid, substantial, com- 
mercial standing, the business of electric lighting. When 
you will find that a company will stand $300,000 to make 
a start, putting in such engines as have been put in there 
and such shafting as has been put in that station and 
making such large preparations for a great business, it 
is a stronger argument than anything else as to what 
electric lighting is and will be in the near future. 

As to your pole-line, I must say that I thought we 
had, measurably, a very good line, that is, on a small 
scale. But who will object to the line of electric light 
wires running through the streets of Providence as we 
have seen them ? It is quite an ornamental thing really. 
There can be no objection to that. It is a costly thing, 
I have not a doubt, from the looks of it. I have not a 
doubt that the Narragansett Company paid a good deal 
of money to have the line run. It is a mighty fine thing 
and I desire to compliment you, feeling very well satisfied 
myself as representing a company and to compliment 
the electric light fraternity throughout the United States 
that here at this place where we have met, we find an 
ideal station, a station of which I am proud, and of which 
your stockholders may well be proud. (Applause.) 

Mr. Francisco : I have listened with a good deal 
of attention to Mr. Smithes paper, not only on account 
of his able argument, but also on account of the practical 
part of it. That is the kind of paper that central station 
men want. This paper alone ought to induce every 
central station man in the United States to join this 
Association and come in here and get these practical 
points. The very faults that he has pointed out here— 
I know of several stations that have been laboring and 
spending hundreds and thousands of dollars to overcome 
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when they could have got the points right here from Mr. 
Smith and not had any of the outlay or trouble. 

In regard to this station here, when I was engaged in 
getting information in regard to municipal ownerships 
for the paper which I read at Cape May, I spent a good 
deal of time in looking up central stations. I traveled 
from Maine to Colorado, from Washington Territory to 
the Gulf of Mexico, and examined almost every station 
in that circuit, and, of course, went through the whole 
rigmarole. Without wishing to compliment our Presi-* 
dent too much, I must say that not one single station 
have I visited that I thought compared with the 
Narragansett station of Providence, taking all the dif- 
ferent points together. In the first place, it is substantial. 
It is based upon a right principle of extension, that is, of 
extending the business indefinitely almost, and is also 
based upon the principle, I think, of economy, which is 
a very important thing in our business, and I have exam- 
ined the lines, as has been remarked here and has been 
stated and I fully concur in what has been said in regard 
to the pole lines, so that I will not occupy time in 
enumerating those. 

I also wish to congratulate our President on the suc- 
cess of his reception last night. (Applause.) We have 
had quite a number of receptions. I have attended re- 
ceptions in different parts of the country, and I will 
not except the reception of the President of the 
United States. I consider that the one last night was 
ahead of anything I have ever seen, even the reception of 
the President of the United States. 

Mr. Seely : I am a very little fellow and represent 
some small companies, but I rise to oppose Mr. De 
Camp's motion, first, because we have put our money on 
several smaller stacks of different colors (laughter), and 
I think we might pump Mr. Smith while we have him 
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here. I would like to ask Mr. Smith these questions if 
I am in order. 

Mr. De Camp : I would call for the question. I 
have no objection, if the meeting does not want it laid 
over, to proceed with the discussion, but, if it is to be 
laid over I do not want it discussed now. Another 
thing, Mr. Chairman, if you will allow me — 

The President: Does Mr. Seely yield the floor? 

Mr. Seely : I yield the floor to Mr. De Camp. 

Mr. De Camp : The session is being prolonged very 
properly, but there are several other papers to be read. 
I understand that we have resolved to finish up our 
business to-day. This is a question which involves the 
whole session — we would have too little time to devote 
to it. Justice cannot be done to it. I am sure that the 
author of the paper would like to have it thoroughly 
discussed. You are indebted to him for the care with 
which he presented that paper. You want to do it 
justice in the discussion of it. You cannot do it justice 
in the short time you have at your disposal. Therefore^ 
I call for the question. 

Dr. Mason : I want to suggest this thing — that the 
Executive Committee request Mr. Law to prepare 
himself to open this discussion. Mr. Law has made 
some preparations and has a very valuable point that we 
would want to consider in the next six months. I 
would suggest that Mr. Law put his remarks in writing, 
or that we give him a few moments to bring the subject 
before us. These points, I believe, have arisen, out of his 
eminently practical and singularly interesting experience 
in the past year. 

Mr. De Camp : I think there is a point in that, but 
at the same time Mr. Law's remarks will be subject to 
the same criticisms as the original paper itself. Now 
that takes time, and it is only for that reason that I have 
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made the suggestion. If he will put it in writing I think 
that would be a very appropriate thing to do. If I 
know Mr. Law, F think very likely he would prefer to do 
that. 

Mr. Seely : It may be a long time off, and in the 
meantime we may be going on doing this bad construc- 
tion and putting these converters on the exterior of 
buildings and spending our money, and so forth, and as I 
have the floor I will say a few words, anyhow. A con- 
verter on the exterior of a building means a pole in some 
cities. They won't even allow you to put them on a 
frame building in a great many cities. They are putting 
them in cellars, against buildings and on the top 
branches of trees. I see some insurance men here and I 
would like to have their views on the subject. Why 
don't they allow us to place converters on the exterior of 
buildings ? 

Mr. Barton : I am very sorry, indeed, Mr. Chair- 
man, that you recognized my friend Mr. Francisco be- 
fore you recognized me, because he took, in a measure, 
the wind out of my sails. To my mind, in discussing 
the title of this interesting talk of Mr. Smith's, we are 
losing sight of the fact that it is one of the most interest- 
ing talks that we have ever had. We have had the 
pleasure of listening to Mr. Smith on the question of 
alternating systems at a great many conventions, and 
one would think he had worn the subject entirely out. I 
desire to say this much, however, that I listened with a 
great deal of interest to the first paper that he read. I 
have listened with more intense interest to every one he 
has since read, and this one is the best of all. I desire 
to express myself in the superlative degree and I think I 
voice the opinion of almost everybody' present. It is a 
paper that contains meat, bone and sinew. It is a paper 
that the president, director, manager, superintendent 
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and every subordinate employ^ of any central station 
should take and wear in his hat. It contains the care- 
fully studied out experience of a man whose experience 
I do not think is excelled by that of any one in the 
country in the working of the alternating business. It 
covers the general field as well, and we could not dis- 
cuss it and do it justice if we were to stay here all day. 
I do not think it needs any great discussion. It is writ- 
ten and has been delivered to us in such a plain, straight- 
forward, understandable way that anybody can understand 
it almost without discussion. There are certain points 
of difference in regard to whether a converter should be 
outside or inside and as to the construction of switch- 
boards and insulation, and all those things about which 
there will always be differences; but when it comes right 
down to considering the paper as a whole, as dealing 
with the minute details of the whole system, I think, if 
the paper is taken and carefully studied out by every- 
body who has an interest in the alternating system, it will 
give them a great deal of commercial good. I simply 
desire to make this statement more as a matter of privi- 
lege. I consider it one of the most interesting papers 
that has ever been presented to this Convention. 

The question was called for. 

Dr. Mason : We understand it will be with the 
suggestion that Mr. Law be requested to put his remarks 
in writing to be put with the paper. 

The President : The sense of Mr. De Camp's mo- 
tion, as the Chair understands it, is that the formal dis- 
cussion of the paper of Mr. Smith, of Philadelphia, be 
laid over until the next meeting of the Association, Mr. 
Law to put in writing the remarks which he otherwise 
would offer in opening the discussion of this paper. 

Judge Armstrong : That includes putting it in pam- 
phlet form so we can have it outside the proceedings. 
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The President : Outside the proceedings ? 

Dr. Mason : Why is that necessary ? Every mem- 
ber will have a copy of the proceedings. 

Mr. Armstrong : Yes, but we want that separately. 

The President : The amendment, I understand, is 
accepted. 

The motion was carried. 

The President : Mr. Barton, will you state for the 
benefit of the Association, in a general way, what con- 
stitutes the objection of the underwriters to placing the 
converters inside buildings. It seems to be a matter 
that emanates from your province. We would like to 
know definitely and specifically. 

Mr. Barton : You, yourself, covered the whole 
situation in a very brief and plain way. There is no 
particular objection. The objection that we took in the 
beginning in New England was, perhaps, primarily be- 
cause it was a new thing ; because it was, perhaps, con- 
sidered on the safe side to have converters on the outside, 
while we never realized or thought there was any danger 
from fire in putting converters on the inside of a build- 
ing. Still they were new. The construction of con- 
verters to-day is very much superior to what it was when 
it began — the question of insulation — and, I think, the 
time has come, perhaps, when it will be better, for many 
reasons, to put converters into good, suitable locations 
inside buildings than outside. But, I believe, it was a 
wise decision that arose in the beginning to exclude 
them from the inside of buildings, and I do not think 
that to-day there is any serious objection. But, still, I 
do think if they gp inside of buildings that the same 
objection holds, to a certain degree — that of the possible 
smoking of the converter and the alarm of fire, perhaps, 
that might ensue from such an accident, and they should 
be placed in some location, somewhere near the bottom 
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story or in the basement or cellar, where the atmosphere 
is suitable for it. I think that is really the proper loca- 
tion for it. 

The President : It was really a precautionary 
measure at the time the order was given to exclude them. 
But practical working for a number of years has shown 
there is really no objection to it at all. We do not have 
any smoking or heating up. It does not occur. 

Mr. Barton : It does not occur. It was thought 
that it might occur, but it has not occurred. The objec- 
tion is not so serious as you thought it was. I believe 
in putting them in the way Mr. Smith suggests, with a 
porcelain knob behind them, merely as a matter of ven- 
tilation. 

Mr. Seely : I desire to state, Mr. President and 
gentlemen of the Convention, that the only trouble or 
accident from converters placed inside, that I have been 
able to hear from, is in one or two instances, where the 
converter was placed in the interior of the buildings, and 
there was leakage from the primary to the secondary 
and thence to the shell. In getting up and placing your 
hand against the converter you receive a severe shock. 
After building a box around that 

Mr. Francisco : I rise to a point of order. This 
question has been dismissed by a vote. 

Mr. Seely : I ask the ruling of the Chair. 

The President : The Chair will have to rule that 
it is a little out of order. 

Mr. Smith : Now, Mr. President, even after that 
ruling, I would like to make an addition to my paper. 
I do not know whether the subject, has been closed or 
whether I can do so with the consent of the Chairman 
of the meeting. 

Mr. De Camp : I have no objection to your putting 
it in your paper. 
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Mr. Smith : I will promise not to talk any more 
than one minute and a half, and in that time wipe out 
the necessity for a great deal of discussion. 

The President : I think we will close the discus- 
sion, unless the Convention wishes to grant Mr. Smith 
a minute and a half. I think you can proceed, Mr. 
Smith. 

Mr. Smith : I wish to say that if there is any city 
in this country that has done more to damage the electric 
light business than any other, it has been the city of New 
York. I also wish to say that about one year ago, in 
walking up Broadway, I saw a converter of well-known 
make placed on the exterior of a building by being laid 
upon its back on one of those side window sills, in a 
building where the basement was used as a business 
office. The wires from the secondary of the converter 
ran down through a rubber tube without any tape, right 
down underneath and into the basement. The primaries 
were connected to the main line with wire that looked to 
be of a very inferior weather-proof line wire tape, and 
the tape over those joints was hanging from that in 
strips. Right by this converter was an iron stairway 
reaching to the first floor of the main building, and any 
one could stand on that stoop and put his hand on that 
converter. After we had all this question in New York, 
and this fearful cutting of the wires, and so forth, I 
naturally supposed that that would be one of the first 
converters to be swept away. Not two months ago I 
walked up Broadway and that converter was there still. 
No rules you can make as to putting converters inside or 
outside of buildings will make them safe when such 
criminal recklessness as that is indulged in. 

Mr. Seely : I will ask the Convention if I may 
respond to the remark of Mr. Smith ? I desire to state 
that I am not connected with any electric light company 
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in New York. I also desire to state that in New York 
they have a Board of Fire Underwriters, inspectors, a 
city electrician and all of the luxury pertaining to first- 
class construction. Mr. Smith has described it. That 
is why I insist on these gentlemen formulating rules, so 
that we shall know exactly what to do and how it shall 
be done. 

Mr. Law subsequently dictated the following discus- 
sion : Mr. President: I have listened with great pleasure 
to the reading of Mr. Smith's paper, and heartily agree 
with him in all that he has said, more especially in what 
he says in regard to the good construction of lines, of 
which we see a most excellent example here in Provi- 
dence, for I certainly never saw a better construction 
than what is shown by the Narragansett Company. It 
undoubtedly has cost them a large amount of money, and 
may, perhaps, appear like an unnecessary expense, but in 
time they will reap the reward for such construction. 
For the past year I have been connected with a large 
Western company, where a striking example of poor con- 
struction is shown. Where it will cost them a large 
amount of money to put it in anything like a safe posi- 
tion, and the worst part of it is that the directors are not 
willing to spend the money that is necessary to put these 
lines in good shape.* But the time is coming when the 
sad state of their lines will force them underground, or a 
limited time in which to put them in good condition. 

One of the principal faults of bad service, especially in 
the use of alternate currents, is in poor line construction. 
Another mistake made in running lines where other 
wires are used than those of alternating currents, is in 
placing the alternating wire on the top ; this should be 
kept down low, as there is not the danger to dynamos 
from the crossing of wires, as a cross on a direct 
current wire does not, as a rule, mean any damage to the 
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wires it means a burned-out armature, unless insulations 
are especially good, and the circuit is fused very close 
to its maximum load. I find this a very important 
point to look after. Examine all fuses carefully every 
day, and never have the circuits fused to more than lo 
amperes above record of the daily run. 

Mr. Smith speaks of the necessity of carefully fusing 
primaries of the converters. When I took hold of this 
Western company I found that in a large proportion of 
their converters the primary fuses had been taken out, 
and No. 14 copper wire substituted. In the case of a 
burn-out in the converter, it will, under these conditions, 
mean a burned-out armature. If you have any number 
of dynamos the ampere load of each circuit should be 
kept within the smallest unit of your machines. This 
means the ability to make rapid changes in times of 
trouble without danger of overloading them. 

A great mistake is made in putting the switchboard 
too close to the wall; especially when the fuses are put 
on the back of the board, and the board should be so 
arranged that a man can get out at any time, as it is 
sometimes rather a hot place, and not a good location to 
get penned up in. Each and every circuit should be pro- 
vided with both volt and ammeters, as Mr. Smith has 
stated. And, in addition to this, it is a good thing to 
arrange a many point switch, that you may at will connect 
a standard Cardew or other voltmeter to any circuit ; in 
fact, this could be done several times a day, as the volt- 
meters in constant use are liable to get out of calibration. 
This is especially useful if you are placed in the position 
in which I was, where your directors refused to get the 
copper, which is necessary to even up the loss on 
lines, and you get into the position where you have 30 
per cent, loss on one line and only two per cent, on an- 
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other. In this case the extra voltmeter is absolutely re- 
quired. 

Great care should be taken that the exciter wires, 
when they lead from bus-bars, are amply large, that 
there may be no loss between exciter and alternator, or 
you may require such a high voltage in your exciter cir- 
cuit that it may be dangerous to your dynamos. Where 
such wires are carried under the floor, and the floor on 
the ground, do not allow the use of an ordinary wire 
covered with soft rubber tubing, as it is very dangerous 
from the fact that the oil which gets on them softens the 
rubber. A better plan is to make a small conduit or 
trough and thoroughly bed and cover the wires in plaster 
of paris; this is a good insulator and will prevent the en- 
trance of oil or allowing fire to follow the wire. 

Another important point in the construction of lines 
is where the primary loops are led off from the main 
feeder; as a rule, these wires .are half spliced on to the 
main feeder and carried directly to the converter. This 
should always be done at the pole and such wires so 
arranged that it is impossible for a cross to occur 
where the primary wire crosses that of the main feeder ; 
this I find to be a common fault, and in several instances, 
to my own knowledge, has resulted in a No. 6 wire 
burning entirely through a No. o wire and dropping the 
live wire in the street. Great care should be taken that 
this wire is carefully fastened at the pole in such a posi- 
tion that it will be impossible for a cross to occur. 



The President : The next paper is on ** Mutual 
Insurance of Accounts," by Mr. Frederick A. C. Perrine. 

MUTUAL INSURANCE OF ACCOUNTS. 



Mr. Perrine : I must explain the incompleteness, 
if not the inaccuracy, of this paper by the fact that the 
idea was conceived not very long ago and has been 
worked up as thoroughly as I could do it without very 
extensive reading, which would have taken time. As 
you all remember, the Baring Brothers, of London, tried 
to float the Argentine certificates, and, failing in doing 
that, they came back so heavily on the Bank of England 
that the reserve of gold diminished and a panic was only 
averted by a loan of gold from the other governments. 
In this country the American certificates owned abroad 
were sent here in such quantities that, in the face of the 
shaken confidence of our people, we did not have the ready 
money to buy them up. At the same time the reserves 
of gold were withdrawn from the bank. Every one 
seemed to want to get in his own money, and confidence 
was more and more shaken. Following soon after that 
the Clearing House of New York issued certificates 
which merely amounted to saying that we believed that 
we are safe, and those certificates in the event of actual 
failure of the Clearing House would have amounted to 
nothing, but the banks were going to support each other. 
Shortly after that, Edward Atkinson proposed, at a meet- 
ing of the Boot and Shoe Club in Boston, that this 
principle should be applied to general life ; that the. 
money should not be essentially a gold value ; that is. 
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the currency of the country should not be gold, but the 
currency of the country should be Clearing House cer- 
tificates payable on demand in gold, and the gold in the 
country should be kept in the bank reserved until such a 
time as it would be demanded and paid out. In that 
way, he says, the currency will be ample for the volume 
of business in the country and the gold reserved, all 
being in the bank, amounting to $600,000,000, would be 
ample for carrying on the business. At present we are 
attempting to carry on the business with $600,000,000 
scattered all over ; and thinking of his paper I conceived 
the idea which I wished to present. 

Mr. Perrine then read the following paper : 

The recent financial crisis has been happily passed in 
a manner never before attempted or imagined in the 
history of business and banking. At any moment one 
of our sensation-loving newspapers, willing to handle fire, 
might have precipitated the whole country into financial 
ruin, by persistently teaching fear and liquidation, but 
taking, as they did, an optimistic view, they did not check 
the new force in banking — mutual support. 

It may be objected to the use of the term, new force, 
that ** mutual support" is the very underlying principle 
of banking as it has always been practiced, but its appli- 
cation in approaching times of panic is almost new 
enough to be called a discovery. Mutual confidence in 
ordinary times is but the belief that any one, when 
individually called upon, can at any time meet his current 
obligations, but the principle applied by the bankers of 
Europe and by our New York Clearing House, is 
essentially the belief in the solvency of the country, or 
the world as a whole. Two forces tended to bring 
about this happy result, one acting here and the other 
, abroad. 

In Europe the Barings were not the only bankers 
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heavily involved in South American securities. They, 
indeed, were the heaviest holders of Argentines, and had 
taken the initiative in attempting to float them, but, 
failing in this, the load became too heavy for their 
individual shoulders, and their fellows were ready enough 
to give them aid, which would also protect the smaller 
holders, in which number is included all except one or 
two of the great bankers. 

Six months or more ago, the possibility of a crisis 
had been foreseen by our bankers, some of whom are 
intimately connected with South American affairs.. By 
them it was known where lay the greatest financial 
dangers, and that these dangers concerned us only indi- 
rectly, through our speculative markets, rather than 
through the ordinary channels of business. When the 
crash came, and the worst was averted by the ready loan 
of gold abroad, our clearing house, feeling that a lack of 
confidence was the one dangerous element, ventured 
upon the experiment of the issue of a new form of 
currency, namely, the clearing house certificates. 

Now, that the air is clearing and we look about us, 
we find among the most sensitive lines of business the 
industry of electric lighting. Very few of the com- 
panies are thoroughly on their feet as regards ready 
cash, being but young, and spending their earnings in 
necessary extensions; almost none are individual con- 
cerns, the majority being stock companies, and, as a 
consequence, feeling immediately the waves of the mar- 
ket. Many, noticeably the electric railroads,, were in the 
midst of initiative constructions, and just about to float 
their bonds ; but we can proudly say that nearly all were, 
and are, looked upon as successful business ventures, safe 
enough while confidence lasts. 

These considerations have lead to the thought that, 
without looking to outside bankers or business men, the 
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electrical business should form an association of confi- 
dence, capable of rendering them independent of the 
market, if not even a stay to it, in future crisis. It is 
thus that we see an association of confidence used by the 
bankers of the New York Clearing House, and following 
immediately upon their action, the timely speech of Ed- 
ward Atkinson before the Boot and Shoe Club, of Bos- 
ton, proposing its continuation as a general principle, 
and its extension to the needs of everyday life, in a 
money issued by the clearing houses, based upon the 
stability of the business men of the country, and backed 
by a reserve in coin, only to be called upon in time of 
greatest need. In the course of his speech, to show how 
little the risk, he cites the fact that, in his extended 
experience of business, the losses through bad debts have 
not amounted to one-half of one per tent, of its value ; 
this low average, I believe, has hitherto been much too 
high, applied to the electric light and railroad industries. 
If, in a view of these facts, the electrical companies 
would form a mutual association for the purpose of 
insuring their accounts, the effect would be that of 
increased capital in the business, relieving their creditors 
of much of their anxiety, and rendering stable the stocks 
and bonds of the associated concerns. The risk of an 
account is not greater than that of anything else for 
which insurance is granted ; a man's life, or loss by fire, 
for instance, while resembling rather the latter than the 
former, is a calamity which no man expects, and one 
to be guarded against by the most strenuous means. 
The loss, stated above, of one-half of one per cent, as 
incident to general business, includes not only the losses 
due to bad management and dishonesty, but also the 
failures occasioned by these very times of weak faith, 
against which this plan is directed. These being elimi- 
nated, the business losses of an electrical company could 
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be reduced to a minimum, and dividing these losses 
among the many, would make them a burden to none, 
while conferring upon all the benefit of a practically 
increased capital of a credit money. 

In detail, the plan should be to form, among the 
electrical companies, a mutual assurance society, each 
company pledging individually its entire capital for the 
assurance of all accounts outstanding against any mem- 
ber, for which benefit a charge should be made covering 
expenses through administration or losses, proportionate 
to either the capital involved or services rendered. 

The assurance of the account could be affected in 
one of three methods, either of which would require 
elaboration and further study. First, the association 
might issue a series of promissory notes payable on 
demand, by means of which accounts could be settled, 
and which could be sold to various companies whose 
notes could be taken in exchange ; this would involve a 
possibly expensive administration, and considerable ready 
capital, besides being probably liable to a tax imposed by 
the government on a circulating medium. 

Secondly, the association might, without injury, in- 
sure all accounts, and be called upon only to adjust in case 
of failure. This would allow the greatest opportunity 
for dishonesty, and make it extremely difficult for the 
association to ascertain at any time its liabilities, except 
by a complicated system of book-keeping, involving the 
rigid inspection of the books of the insurance companies. 

The third, which appeals to one as being the simplest 
plan, is that the association appear as an indorser on 
notes, or an insurer for accounts, when called upon to do 
so by any member, thus taking the position of a trust 
company. In the case of any one of the insured com- 
panies becoming involved, action should be taken by the 

association, dependent upon the contingent circum- 
20 
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stances; in the case of temporary embarrassment, the 
notes should be paid to the holders on maturity, and the 
company carried by the association till such a time as it 
could discharge its obligations. Were mismanagement 
apparent, the association should have the power to en- 
force a more economical or honest administration ; or if, 
finally, the business was found to be necessarily unprofit- 
able, the creditors should be paid in full and the company 
be closed out for the benefit of the association. No sur- 
render of administration is contemplated here before 
such a time as the account could be shown to be in 
actual danger. 

The insurance of an account may seem on first con- 
sideration to be rather a startling innovation in business 
methods, but I believe it to be based upon a firmer and 
more rational foundation than the insurance against loss 
either by fire or accident. Both of the latter are based 
on a system of probabilities in which the insured expects 
his policy to be greater than his premiums, and the suc- 
cess of the company proves it not to be true in the long 
run ; the mutual insurance of an account, on the other 
hand, depends on the belief that all the accounts will be, 
in the main, stable, and that internal faith will induce a 
greater faith from the outside. 

The objection that it is a scheme of the weak compa- 
nies to be supported by the strong, and that they who 
would offer the greatest stability would not enter it, is 
answered in two ways : In the first place, as has already 
been said, the companies involved in the electrical busi- 
ness are in almost no cases individual concerns, and, as 
stock companies, are subject to extraordinary effects of 
bad and expensive management and fluctuations of the 
market ; secondly, they are none of them so solid and 
stable as to be entirely removed from fear of depression, 
or need of funds for extension. Again, the very princi- 
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pie involved is that, as a whole, there are no weak com- 
panies in the business, if only times of depression be 
avoided. 

To the objection that an unlimited liability company 
w^ould be avoided by all, the same answers would be 
offered, with the addition of pointing to the Guarantee 
and Accident Lloyds, of New York, and Lloyds, of 
England, as stable examples of the application of the 
principle to ordinary insurance. 

The initial subscription of the small amount of a few 
thousand dollars by each insurer, would be the capital 
needed, its only use being to meet imperative accounts, 
while the administration would be of the simplest, re- 
quiring a minimum staff of efficient men whose services 
would be called upon to adjust irregularities and issue 
insurance. 

This scheme is offered to the electrical fraternity, be- 
lieving that by it the best interests of both the electric 
light and railway companies and the supply houses will 
be preserved, and that through it 'the electrical interests 
will not be a menace, but become a source of stability to 
the finances of the country. 

DISCUSSION. 

Mr. De Gamp : I was first struck by the title of the 
paper, which I could not understand, and I was very 
forcibly struck and astounded by the suggestions made. 
They were entirely new. I had not the honor of know- 
ing the author of them, but I feel myself safe in assum- 
ing that he never had to manipulate the finances of an 
electric light station. It seems to me that it did not 
apply directly to the stations. He speaks of history 
when he quotes the late lamentable experience of the 
Barings. The Argentine Gonfederation was trying to 
do what the parent companies have been trying to do for 
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the last two years— to bite off more than they could 
chew. Therefore, I look upon anything of that kind with 
a suspicion. The fact is, that the central station lighting 
companies need no protection if their foundation is on 
business principles. I never knew a central station com- 
pany to fail to meet its obligation, except from want, first, 
of a sufficient amount of capital to do its business. I do 
not take it to be the province of this Association or any 
other association to insure against any insufficiency of 
capital in any business. The second cause of failure of 
the lighting companies has been their income not being 
sufficient to meet their expenses. That I do not think 
any association of gentlemen want to put themselves in 
a position to insure. Referring back to the late troubles — 
they grew, in short, out of overtrading in various direc- 
tions. If there is any need of mutual insurance of 
accounts among the people who have been looking to 
the central stations for the payments of their bills, of 
course, that means the companies that have been fur- 
nishing them with apparatus, and they have been doing 
just exactly what the South American States have been 
doing — they have been overtrading. They have been 
organizing companies where they were not needed. 
They have been promising profits which could not be 
realized. That has gone farther. The parent companies, 
as we call them, or the manufacturing companies, are 
obliged to be creditors of somebody else. The competi- 
tion among the manufacturers of material used by the 
manufacturing company has led them to go beyond the 
bounds of good judgment in extending their credits. In 
other words, the time came when there was a settling 
day and settlements have not been had certainly in a 
satisfactory way. There is no mode of insurance under 
Heaven can protect any community against such business 
methods. (Applause.) 
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Mr. Perrine : I think I might answer Mr. De 
Camp. He evidently thinks that I am a seller of ma- 
terials. I am with the Roebling Company. I have 
been an electric light man ever since I have been in 
business, and that is one thing that brought this to my 
mind, as I said, with a good deal of pride that our 
business last year with the electric light companies 
amounted to close on a million dollars, and out of that 
we lost one account, amounting to $1,200, which was 
not a case of bad judgment, but a case of a man 
running away with the funds of the company. And that 
shows to my mind very clearly that the electric light 
companies are on a firm basis and that they are not 
companies that, as a rule, you are risking much in trusting. 
But I have seen cases — more when I was with an elec- 
tric light company than now — when some of the best busi- 
ness of the company had to be lost ; when it was neces- 
sary to allow ruinous competition to come into a town 
because the stockholders said, we know you are paying 
us good dividends and we know you are making exten- 
sions on what you are earning, but we won't give you 
any more money to make any more extensions, whereas 
the business was well worth borrowing the money on 
to make the extension, and it was practically a mutual 
bank where you have not six per cent, for your money, 
which is fixed by law, or seven per cent., or eight per 
cent, as it happens to be, but the actual cost of furnish- 
ing what is wanted, which is very much below. It is 
hard times when call loans are about two per cent, 
and that is more nearly the actual cost of lending 
money. I did not bring this up because we have lost 
accounts. In fact, I brought it up because we had not 
lost accounts, and as I may say in our business last year 
we lost about $1,200, so our losses have certainly been 
away below one-half of one per cent. 
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Dr. Mason : I think Mr. De Camp will agree with 
me that as it is now quite late and we have very impor- 
tant matter — that matter of data, and perhaps another 
matter that the President has on his mind, to come 
before us — I think you will desire to have me make the 
motion that the discussion on this paper now close. 

The motion was carried. 



The President : The next item on the calendar is 
the report of the Committee on Data, A. J. De Camp, 
Chairman. 

REPORT OF THE COMMITTEE ON DATA. 



The report of the committee will be presented in 
two sections. 

Part First will treat of the subject of **The Dan- 
gers of Electricity," growing out of the action taken at 
the Twelfth Convention on the paper presented on this 
subject by President Henry Morton, of the Stevens' 
Institute of Technology. 

Part Second will treat of the subject of '* Standards 
of Economy in the Generation of Power,'' growing out 
of the action taken at the Twelfth Convention on the 
paper presented on this subject by Mr. H. M. Swetland, 
editor of Power, New York. 

Mr. Swetland has kindly consented to assist this 
committee by preparing this section of the report, and 
to present it in person. 

Conforming to the instructions given to it by the 
Twelfth Convention, two circulars of inquiry were pre- 
pared and sent out of the office of the Association to all 
Central Station Companies in the United States, for the 
purpose of collecting the statistics desired. These circu- 
lars will be printed in the appendix of the volume of 
Proceedings for this Convention. 

THE DANGERS OF ELECTRICITY. 

Replies to the inquiries regarding personal injuries to 
workmen employed by central station companies, have 
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been received from 213 companies, Of this number, 45 
companies failed to state the number of workmen em- 
ployed, but report no accidents ; 168 companies employ- 
ing 1,233 T^^T^y report seven accidents. This report 
covers the year 1890. It shows that in doing 369,900 
days work, but seven injuries occurred. None of the 
injuries were fatal. 

FIRES CAUSED BY ELECTRICITY. 

In the matter of fire losses, no data has been col- 
lected. I am desirous, however, to lay before the Asso- 
ciation an extract from a report made recently by William 
McDevitt, Chief Inspector of the City of Philadelphia. 
It is as follows : 

Philadelphia Fire Underwriters Association. 

Electrical Department. 

''There are over 5,000 buildings in Philadelphia 
wherein the electric currents are used for light and power 
purposes. Of this number 287 buildings (seven of which 
are dwellings) have their own apparatus, the latter vary- 
ing in size from a 20 light to one of 4,000 lights. The 
number of lights furnished by these private plants aggre- 
gate 80,258 incandescent and 3,325 arc lights. One 
retail store contains 482 arc lights. 

''There are 15 public stations distributing electric cur- 
rents to all sections of the city, furnishing thousands of 
lights and power to dwellings, churches and other classes 
of buildings. The number of lights supplied by these 
respective stations vary from the very small station, fur- 
nishing 2,000, to the Edison, which furnishes over 40,000 
incandescent lights, and current for a large number of 
motors. The electric motors in use are of a capacity 
ranging from one-eighth to 30 horse-power (being used to 
a great extent as a substitute for laborious hand or foot 
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power in dwellings and small workshops), and are being 
rapidly introduced as a more ready motor in place of 
steam and hydraulic power in propelling machinery. 

*' All of the different systems of electric lighting in- 
vented are or have been given opportunity to operate 
their respective apparatus in our city, and, wherever con- 
sistent with safety, approvals were given for use in in- 
sured buildings. In innumerable instances, where no 
insurance was held on buildings, when electric lighting 
was introduced, contractors were required to install the 
work in accordance with the Underwriters' requirements 
and subject to the approval of the latter's inspection. 

'* No insurance loss occurred in any building in our 
city during the past year from fire where the cause could 
be in any way attributed to electric wires. 

**The education of the workmen in the new factor, 
and the steady improvements made in materials and de- 
vices in electric appliances have materially lessened the 
danger in its introduction ; but a little knowledge of the 
inherent danger in the use and handling of electric light 
appliances should be had with consumers or users." 

INJURIES TO FIREMEN. 

In the matter of injuries to firemen from electric 
currents and fires caused by the same, in returns to the 
United States Census Office from Chiefs of Fire Depart- 
ments, the following statements are made : 

Returns from Chiefs of Fire Departments, showing 
number of fires and injuries to firemen caused by 
electric currents compared with other similar data. For 
the year 1 890. 

Total number of towns reporting 367 

Total number of regularly employed force 16,143 

Total number of enrolled volunteer force 35>5io 

Total number of alarms calling out whole or part 

of force , 30,862 
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Total number of fires caused by electric currents. 363 
Total number of injuries received while on duty. 1,303 
Total number of injuries received while on duty 

at fires caused by electric currents 26 

Total number of injuries caused by electric 

currents 25 

Total number of fatal injuries 55 

Total number of fatal injuries caused by electric 

currents i 

Total number of deaths from natural causes 338 

Total number of towns in which firemen are sup- 
plied printed rules for the prevention of 

injuries i 

Total number of towns having an electric fire 

alarm system 195 

Mr. De Camp : Since this report has been written 
it occurred to me that in the case of Philadelphia, which 
has no accidents to report, because there were no acci- 
dents of a nature that would come into a report of this 
kind, they had no relation to the business. We had 
an epidemic of people falling off poles, and I did not 
treat it any more than I would the case of a workman 
going home and falling off a street car. So those were 
not included, and I take it, from the reports made to us, 
that they did not look at them as things incident to the 
business. Consequently, that brings it down to this 
meagre point. 

I would say, further, that if the managers of stations 
will take the trouble to acknowledge the receipt of these 
blanks and answer them as far as they can, some of the 
blanks look very formidable and probably contain in- 
quiries that it is hard to answer in an exact form, but if 
they are answered in any form, the committee will be 
very much aided in its work and the committee itself 
will probably be able to work that out in an intelligent 
shape to go on record. 

So much for the first part of the report. I now have 
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the pleasure of introducing to you Mr. Swetland, who 
will furnish the report in regard to the statistics which 
he has gathered. 



Mr. Swetland then read the following : 

REPORT OF THE COMMITTEE ON DATA 

Part Second, 



ON COMPARISON OF ECONOMY IN THE GENERATION OF 

POWER. 

The object of this work has been previously set forth 
in a very plain and comprehensive manner, but it may be 
briefly alluded to here, not only to emphasize its impor- 
tance, but to enlist the earnest co-operation of the mem- 
bers of this Association. The committee have under- 
taken to record the actual cost in tons of coal of a defi- 
nite amount of horse power actually delivered ; L e,, 
work actually performed, represented by amount of 
electric current actually delivered, recording the results 
obtained from all ordinary types of equipment in use for 
the generation of power ; the idea being to show not 
only the difference between the results obtained from 
the more modern and complete installations of those less 
favored in equipment, but to record the varying results 
obtained from each special type of equipment under 
different management, making the comparison of coal 
with coal, boiler with boiler, engine with engine, type 
with type, and appliance with appliance. 

These records will enable the manager of an electric 
plant having an ordinary equipment to compare his 
results with those plants operated under exactly similar 
conditions. To this end, the following inquiry circular 
was sent to all central stations in the United States : 
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. Comparisons of Economy in the Generation of Power. 

Extract from the Proceedings of the Twelfth Convention. 

^* Resolved, That the subject of Mr. Swetland's paper, 
* Standards of Economy in the Generation of Power,' be 
referred to the Committee on Data, with the suggestion that 
it report at the next Convention on the points touched upon in 
the said paper." 

National Electric Light Association, 
1 8 Cortlandt Street, New York City. 

To Companies^ Firms and Persons Operating Electric Lighting and 
Po^ver Stations. 

Gentlemen : This Association desires to benefit your 
Company : 

First, By securing data as a basis for making " Comparisons 
of Economy in the Generation of Power." 

Second, By furnishing such a report, based on the data ob- 
tained, as will enable each manager to determine if his results 
are as favorable as the best results obtained by others operating 
under similar circumstances. If not, to see in what details his 
deficiency occurs. 

Through the kind courtesy of Mr. H. M. Swetland, Editor 
of Power-Steam, these blanks will be sent to a large number of 
managers of steam power plants operated for various purposes. 
His report on the returns received will be submitted in connec- 
tion with the report of the Committee on Data, on the returns 
received from electric light and power stations. This will deter- 
mine the best engineering practice and where it may be found. 

In order to have these reports for the Thirteenth Convention, 
to be held at Providence, R. I., February 17, 18 and 19, it is 
necessary that the report for your company be filled out and 
returned at once. 

Respectfully, 

National Electric Light Association. 
By Allen R. Foote, 

Secretary and Treasurer, 



302 

Report to the National Electric Light Association. 

1. Name of company ? 

2. Full address ? 

3. If a lighting station give lamps in use : 

Number incandescent ? 
Number full arc ? 
Number half arc ? 

4. If not a lighting station, give character of business ? 

FUEL. 

5. What kind and grade of fuel do you use, giving what per- 

centage of ash ? 

FIRING. 

6. Is your firing done by hand or stoker? 

7. What kind of grates do yoii use ? 

8. What is the amount of draft in inches of water ? 

9. Do you use forced or natural draft ? 

10. Do you use the automatic damper regulator? 

FEED-WATER. 

11. Temperature ? 

12. Is the water free from scale-forming substances ? 

13. If not, what means do you use to prevent the formation of 

scale ? 

14. Do you use a feed-water heater or an economizer? 

15. Is your feed-water handled by steam, power pump and 

injector, or pressure from city mains ? 

BOILERS. 

16. What is the style of your boilers, horizontal, upright, tubu- 

lar or water tube boiler, or any other special design ? 

17. Do you use any special setting? 

18. What per cent, of entrained water do you get with the steam 

used ? 

19. How many pounds of water do you evaporate per pound of 

coal ? 

ENGINES. 

20. What type of engines do you use, throttle or automatic 

governor ? 

21. If automatic, do you use Corliss or shaft governor, or some 

special type ? 
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2 2. Are you running compound, triple or quadruple expansion ? 

23. Do you run condensing or non-condensing? 

24. If compound, is the style cross compound or tandem, and 

are receivers used between the cylinders ? 

25. Does your engine run full load, or what part of full load are 

you developing? 

26. What speed do you run ? 

Revolutions per minute ? 
Piston feet per minute ? 

27. How many pounds of steam (water) do you use per indicated 

horse power per hour ? 

TRANSMISSION. 

28. Do you transmit power to dynamos direct, or do you use 

countershafts ? 

RESULTS. 

29. What is the nominal capacity of your boiler plant ? 

30. What is the nominal capacity of your engine ? 

31. How much coal do you use in 24 hours ? 

32. How many hours do you run out of the 24 ? 

33. What is your average indicated horse power during this run ? 

34. What is the average break or net horse power delivered by 

the engine ? 

35. What is the average electric horse power per hour ? 

36. How many pounds of coal per indicated horse power per 

hour? 

37. How much coal per electric horse power per hour ? 

EXTRACTS FROM PROCEEDINGS OF TWELFTH 

CONVENTION. 



Paper on Standards of Economy in the Generation of Power. 
jBy H. M, Swetland, Editor of " Power- Steams 



"In the electric lighting business, where so much is new, 
and development is so constant and rapid, it is essential that 
there should be established some authentic form of comparison 
of operations, with the view of reaching the greatest economy 
in the shortest possible space of \\vi\^J'' -—Suetland. 
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" The subject of economy in general has received the atten- 
tion of our best thoughts, but it has been directed to the opera- 
tions of the complete system, and too often details of definite 
expense are overlooked by the superintendent whose imperative 
duty is the running of the plant, not its most economical 
methods." — Swetland. 

"The material for the data in furnishing standards of 
economy should naturally be the practical results of actual 
operations compiled in tables from the results obtained by differ- 
ent managers. To what end ? They will interest and benefit 
all desirous of investing in electric light and power enterprises, 
which are becoming such an attractive feature in the financial 
world. They will be useful to prevent the establishment of un- 
necessary and injurious competition frequently induced by 
statements of so-called facts and figures showing an utterly false 
and unattainable economy." — Sivetland. 

** To the superintendent of the station, more than any other 
person, these tables will be of paramount importance. They 
will enable him at a glance to learn what others are actually ac- 
complishing under certain named conditions, and readily to 
institute comparisons with his own records. By their use he will 
not only gain enlightenment on many points, but be stimulated 
to the highest possible degree of efficiency and economy. He 
will also thus be furnished with unimpeachable authority to 
offer a doubting stockholder or too exacting president who, while 
perhaps not being initiated in the details of practical workings, 
is always glad to be reassured by accurate information." — Swet- 
land. 

" My plea is for the most minute and detailed system of 
tabulation as the means of reaching the best results. It is by 
the comparison of coal with coal, boiler with boiler, engine with 
engine, type with type, appliance with appliance, that these re- 
sults may be obtained." — Swetland. 

" Not only should there be no objections on the part of the 
companies, their managers or superintendents, to giving infor- 
mation that is reliable in character, accurate in detail and com- 
prehensive in scope, but there ought to be the most cheerful ac- 
quiescence." — Swetland. 

** We are organized for purposes of free interchange of thought 
and experience, with a view to mutual advancement and benefit. 
In these tables each one is liable to discover information upon 
some important point which should be of great value to him. 
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Naturally, the broad ground of justice, fairness and liberality of 
feeling is expected to be our starting point." — Swetland. 

DISCUSSION. 

** We want a report on the actual cost of producing power in 
central station practice in this country, giving actual data of 
operation, that is, the nature of fuel, the nature of steam equip- 
ment and the nature of engine equipment." — Garratt. 

As will be seen the questions asked for definite data : 
First, as to equipment ;. and second, for information 
regarding the time and amount of fuel required to gener- 
ate a definite amount of horse power. 

The call has been responded to liberally by the dif- 
ferent companies, something over 400 returns having 
been received up to date, from which the founda- 
tion of this work has been fairly started, and the com- 
pilation of data has been commenced. 

Arrangements have also been made to obtain data 
relative to the economic generation of power in other 
branches of manufacturing. Results obtained in the 
engine room of the cotton mill, the rolling mill, and 
various other industries, together with their special equip- 
ment, will be recorded for the benefit of comparison 
with the results obtained from similar equipment in 
electric lighting. Five hundred circulars to leading 
manufacturers have brought out a ready response, and 
we must confess these returns show an elaboration of 
detail and a conciseness of calculation, which prove that 
the question of economy in the generation of power is 
not a new one to the manufacturers. 

The returns from the central stations are the best 
evidence that could be offered as an argument in favor 
of this work, for, while many of the returns are complete, 
proving that a faithful record of the cost of the required 
power is at the disposal of the manager, a large number 
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of them report no tests made or no records kept, and in 
several instances the whole quota of questions was 
answered by the very expressive and comprehensive 
statement '' never mind the cost of power, we are paying 
dividends." Those sending complete reports often 
accompanied the returns with a letter of inquiry as to 
what others were doing with a similar equipment, ex- 
pressing marked interest in the work of the Committee, 
and asking for a copy of the Report when completed, 
and we predict that future reports from a ** no data but 
dividend paying " element of these returns will, in the 
near future, withdraw their statement regarding dividends 
and report themselves as doing less business or out of 
business, having failed to meet successfully the competi- 
tion of the manager who knows what power costs and 
sells electric current at a fair margin of profit on that 
basis. 

In a very few instances only were all the questions 
in the circular answered. The evaporation of water per 
pound of coal was stated in only 21 reports. In 
a less number of instances was the percentage of en- 
trained water stated, and the question relative to the 
number of pounds of steam used per horse power was 
often considered altogether too intricate and far reaching. 

Now, while answers to these questions are imperative 
to successfully compare appliance with appliance — all 
those reports which gave work performed and fuel 
actually consumed were useful and formed a basis of 
a good beginning. The main idea of the inquiry circu- 
lar was, however, often lost sight of or ignored, and the 
question of the amount of coal used, or its reciprocal 
question relative to the work performed, left unanswered, 
while nearly all the others were answered in full. How- 
ever, as has been stated, sufficient has been received to 
furnish the foundation of this work, and more than 
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enough to satisfy the most sceptical of the absolute ne- 
cessity of the records. 

If the business of the electric lighting is to be success- 
fully conducted, a fair basis of first cost of power must be 
made the basis of charge for the service rendered, and if 
one horse power can be generated for one hour by burn- 
ing one and one-half pounds of coal the consumer of 
electric light will not long be satisfied to pay a profit to 
that electric plant whose management is satisfied to burn 
ten pounds of fuel for this same horse power. 

The reports received in many instances show evident 
haste in preparation, but as received they convey a record 
of expenditure for fuel varying to the extreme mentioned 
above. A large number of plants are reported as burn- 
ing from eight to ten pounds of coal per horse power per 
hour ; very few, even with the modern equipment of 
higher expansion and condensing engines were able to 
show a record below three pounds of coal per horse 
power, while other equipments of the same class report 
an equivalent duty with one-half of the expenditure of 
fuel. 

As the inquiry circulars have only been in the hands of 
the different companies a few days, a large percentage of 
them have not reached the hands of the Committee. It 
has been impossible in this short space of time to issue a 
complete report in time for this Convention. If the work 
can be continued until the next Convention, the Com- 
mittee feel confident of being able to place in the hands 
of the members of this Association a report which will 
be of special value. 

The following is a tabulated summary of the reports 
received : 
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Mr, Francisco : I move that the report be accepted 
and the Committee continued. 

The motion was carried. 

The President : The last item on the calendar for 
this morning is the report of the Committee on the 
World's Columbian Fair, myself as chairman, I will re- 
port that I have notified Director-General Davis, of Chi- 
cago, of the appointment of this Committee, and of its 
willingness to co-operate with him in a way to secure the 
success of the exhibits. I received a reply that my invi- 
tation had been received and placed on file, and at the 
proper time would be answered by the proper person. 

Judge Armstrong: I move that this report be re- 
ceived and the Committee continued. 

The motion was carried. 

Judge Armstrong : I move that we now adjourn un- 
til four o'clock. 

The President : I will say to you, gentlemen, that 
the first thing on the calendar for the business of the 
afternoon will be the executive session, at which time you 
will probably select your officers for the ensuing year. 
It will be well for all to be present. 

Mr. De Camp : Do I understand that we are going to 
wind up to-day ? 

The President : I understand from the Secretary 
that we are going to conclude the business of the Con- 
vention to-day. 

The Convention then adjourned until 4 p. m. 



•' <k . 



AFTERNOON SESSION. 



Recommendations by Executive Committee. 

The President : This being an Executive Session, 
it is desired that all who are not active members and all 
who have not as yet presented their credentials to the 
Executive Committee will either do so or retire. 

At a meeting of the Executive Committee held last 
Monday it was unanimously decided to recommend to 
the Convention when it gathered in Executive Session 
that it resolve it into a Committee of the Whole and 
nominate in proper order the officers for the ensuing 
year. 

They further recommended that in the make up of the 
Executive Committee some thought should be taken in 
regard to selecting men who can and will attend the 
meetings and transact business. It is with considerable 
satisfaction that I say to you that at every called meeting 
during the past year there has been present a majority of 
the members of the Executive Committee who have 
served you. (Applause.) You who were present in 
Kansas City know that I was not particularly desirous 
of acting in the position which I have filled during the 
past year, but I did determine and made a solemn cove- 
nant with myself that I would be present, let come what 
may, at the meeting of the Executive Committee ; and 
as I accepted the responsibility from your hands I tried 
to discharge it faithfully. (Applause.) It should not 
be considered a mere empty honor to be named on 
the Executive Committee. Therefore, select your men 
wherever you will, but have it understood that they will 
attend to the meetings. 
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The third recommendation is that while some of the 
members believe their should be one convention in the year, 
after a full discussion, the majority of the Executive Com- 
mittee believe that for the present, at least for this year, 
there should be two conventions held. Business of such 
rapid development, evolution going on on every side, the 
tremendous advances which we have made in ten years, 
and particularly during the time covered by the thirteen 
conventions that we have held, show very clearly that 
once a year is much too seldom to come together to 
discuss these subjects, compare notes, and look into the 
new questions that arise. They, therefore, recommend 
that you hold, as hitherto, a midsummer convention. 
The Executive Committee also suggests, in the same 
connection, that in selecting the place the most important 
considerations are that you name if possible some point 
where some new and important work is being carried out. 

Those three recommendations are before you. Gentle- 
men, I am ready for your further action. 

Judge Armstrong : In accordance with the recom- 
mendations of the Executive Committee, I move that 
the Convention now resolve into a Committee of the 
Whole, retaining for the officers of such Committee the 
present officers of the Convention. 

The motion was carried. 



^-.a 



ELECTION OF OFFICERS AND PLACE OF 

MEETING. 



Mr. Seely : I believe the Convention is now again 
in open session ? 

The President : Yes, sir. 

Mr. Armstrong: If there is no objection, I ask 
that by unanirnous consent the report of the Committee 
of the Whole be considered as having been made. 

The President : If there is no objection, it will be 
so considered. 

Dr. Mason : I now make a formal motion that the 
Secretary be instructed to cast the ballot of this Associa- 
tion for the gentlemen named by the Committee of the 
Whole for the several officers of this Association. 

The motion was seconded and carried. 

The Secretary : Gentlemen, I have to report that 
the ballot is as follows : 

For President, C. R. Huntley, Buffalo, N. Y. 
First Vice-President, James I. Ayer, St. Louis, Mo. 
Second Vice-President, M. J. Francisco, Rutland, Vt. 

Executive Committee. 

CLASS I. 

E. F. Peck, Brooklyn, N. Y., 

John Seely, New York City, 

C. R. Faben, Jr., Toledo, O. 

CLASS 2. 

Albert J. Corriveau, Montreal, Can., 

H. H. Fairbanks, Worcester, Mass., 

A. J. De Camp, Philadelphia, Pa. 



3t6 
CLASS 3. 

J. J. Burleigh, Camden, N. J., 

A. M. Robertson, Minneapolis, Minn., 

E. W. Rollins, Denver, Colo. 

The President : I declare that the list of officers 
read from the ballot by the Secretary are the unanimous 
choice of this Convention for its officers. 

Mr. Alexander: I now move that the recom- 
mendation of the Committee of the Whole, fixing the 
place of the next meeting at Montreal, Canada, be 
adopted. 

The motion was seconded and carried. 

The Secretary : I suppose the memorandum will 
be that the meeting be held in Montreal in the month of 
August, the Executive Committee to arrange the date ? 

The President : Yes, sir. 

Mr. Shaw : I desire to offer a resolution at this 
time, as follows : 

Resolved, That within 30 days of his election the 
incoming President shall appoint a committee of three 
active members of the Association, whose duty it shall 
be to formulate such amendments to the Constitution as 
may be deemed necessary, and to submit their report at 
the next semi-annual meeting of the Association ; the 
amendments thus reported to be introduced at the semi- 
annual meeting and lie over under the rules and be con- 
sidered at the next annual meeting of this Association. 

The Constitution is all right as far as it goes, but I 
think there can be some remodeling done to it. 

The resolution was seconded and adopted. 

Mr. Seely : I move that a vote of thanks be 
tendered to the President of this Association, to the 
Reception Committee, and to the Committee on Exhi- 
bition, for the courteous and masterly manner in which 
they have entertained this Convention. 
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The motion was seconded ; put to the Convention 
by Dr. Mason, and carried unanimously, amidst applause. 

Dr. Mason : Mr. President, I beg to announce 
that the vote is a unanimous one. 

The President : Gentlemen, I simply propose to 
thank you. I have no remarks to make. I have tried 
to make your stay here a pleasant one, and if you have 
found it worth your time and trouble to come down to 
our small town to hold your Convention, I trust you 
have not been disappointed. (Applause.) 

Mr. Francisco : As the Convention has decided to 
go to Montreal next August, I hope we shall have a full 
delegation up there. I know from past experience and 
personal knowledge that we will have a right royal 
reception there. 

The President : There was to be some action on 
the report from the Committee on Incandescent Lamps, 
and they have made an instructive report. That is the 
committee of which Dr. Bell was chairman. Will you 
take some action on that report ? 

Mr. Armstrong: I move that the report be ac- 
cepted and the committee discharged with thanks. 

The motion* was seconded and carried. 

The President : The Committee on Legislation 
have reported. I think it is a standing committee and 
should be continued. 

Mr. Shaw : I move that that committee be con- 
tinued. 

The motion was seconded and carried. 

The President : The Committee on Underground 
Conduits and Conductors. 

Dr. Mason : I think I made a motion to discharge 
that committee, and it was carried. I now move that a 
committee of three on Underground Conduits and Con- 
ductors be appointed to report at the next meeting. 
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The motion was seconded and carried. 

Dr. Mason : It may be needless for me to say so, 
but I request that the usual courtesy to a mover will not 
be regarded in this case, as, of course, I could not serve 
on that committee. 



The President : A paper on How Can the Na- 
tional Electric Light Association Best Serve Central 
Station Interests ? I think Mr. C. R. Huntley will give 
practical exhibition of that during his presidency. 
(Laughter and applause.) 

SERVICE OF THE ASSOCIATION TO CENTRAL 

STATION COMPANIES, AND THE REPORT 

OF THE TWELFTH CONVENTION. 



Mr. Huntley: Mr. President and gentlemen: We 
have all heard of chestnuts, and I am very glad that 
there is no bell ringing on this. (Laughter.) Whoever 
selected me to write this paper made a mistake. My 
selection has not been productive of any paper whatever. 
It is not often that I am on my feet at this Convention, 
but I was there at Cape May and made the remark that 
the best interests of the Association could be served by 
making it a business Convention. I still think so. I see 
my friend De Camp over there is looking a little 
pleasant at me and I have an idea that he thinks, per- 
haps, I can preach a good deal better than I can practice. 
I dare say that I can. I do not think there is a point to 
be taken up in the matter of meetings. I think that an 
annual meeting is quite enough for us to have. It 
has come to me frequently during this Convention and 
during the other, that our interests can be best served 
by meeting annually instead of semi-annually, and, I 
believe, we will have to face that question sooner or 
later. I won't say that, at this time, it will be the wisest 
thing for this year — perhaps not. But it is in keeping 
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with all other organizations of the same character as our 
own, and as we grow older, I believe that once a year 
will be often enough for us to meet, and that smaller 
stations would come in and our membership would be 
increased thereby. While the data that the Association 
has given us of late are of incalculable value to us, I do 
not think that we want very much of it. A little of it is 
all right. The work that Mr. Foote has done for us, in 
compiling some of the reports, is of especial value. It 
has served me in many instances, and in the last three or 
four weeks, pending the contract for lighting in our city, 
and thereby we are served well. I will not burden you 
with any more recommendations of this kind, gentlemen, 
and if I am asked to write another paper I will try to do 
better than I have this time. 

The President : I would say that Mr. Huntley, 
who, under the old constitution, from August to January, 
was chairman of the Executive Committee — myself on 
January to next autumn — that in his behalf and jointly 
we offer this volume of our proceedings as the report of 
the Executive Committee, and I will warrant it will be 
found to contain as much actual work and individual 
effort as has ever been put out by any secretary that this 
Association has had. 

Mr. Huntley : I want to congratulate the secre- 
tary on the able manner in which he has compiled that 
book. I think that each member of the Association 
will find that that book is a volume that he will refer to 
frequently and profitably. If our future volumes can be 
edited in the manner that that is, we will have on our 
desk a volume which can be seen and read every day 
with great profit. 

Dr. Mason : I would like, Mr. President, if I may, 
to emphasize what you have just said. I have examined 
that book with considerable care. I am familiar with 
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the publishing of books. I do not know where a more 
elegant volume will be found. I do not know where 
one freer from typographical errors, if I can judge from 
the examination I made, can be found. It is a book of 
taste. It is one I would like to preserve on my shelves 
along with other standard works. 

The President : The secretary has made a request, 
and I really think that the Convention can afford to 
grant it, and that is, that it be made an order that the 
next and future publications of the Society shall be uni- 
form in style and binding and general arrangement with 
that one. 

Mr. Armstrong : I make that motion, Mr. Presi- 
dent. It is a good suggestion. 

The motion was carried. 



The President : The Secretary's report is next in 
order. 

REPORT OF THE SECRETARY. 



Secretary Foote : As your Secretary, I will re- 
port on membership : 

Active members, names on roll for 1890 were 123. 
Dropped for non-payment of dues, 19. Total number 
of active members' dues paid for 1890, 104. 

Associate members on the roll for 1890, 166. 
Dropped for non-payment of dues, 25. Total number 
who paid dues in 1890, 141. The two classes of mem- 
bership together make an aggregate of 245, dues paid 
for 1890. 

I wish to explain one point that cannot appear here 
about dropping of the members for dues. Under the 
old constitution it frequently occurred that two or three 
men in one company paid memberships. They took 
them in their individual name and paid for the member- 
ships. Since the constitution was changed so that the 
membership stands in the name of the company, where 
we have the same company we have but one member- 
ship. That accounts for some of the dropping of the 
names. This you will understand is the report for 1890. 
I suppose some of you wish to know how we stand to- 
day. As no person was a member of the Association till 
he paid his dues in 1891, we have received dues, active 
members, 59, and six who have given their tickets 
for their checks, making 65 active members' dues 
paid to date. Associate members, paid, 10 1, and six 
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tickets, making 107. So that the membership dues paid 
since the first of January of this year are 172. That is 
the report *as Secretary. 



The President: Next is the report as Treasurer. 



REPORT OF THE TREASURER. 



Treasurer Foote : The report of the Treasurer is 
as follows : 
Balance on hand July ist, 1890, $1,233.60 



Active members* dues, 


610.00 


Associate members dues, 


540.00 


Advertisements, Proceedings 




loth & nth Conventions, 


800.00 


Sale of Publications, 


3.00 


Rills Payable, 


1,000.00 


Total to be accounted for 




Disbursements. 



Salary for secretary and treasurer, $ i ,088. 29 
Proceedings loth and^i ith Con- 
ventions, 1,319.00 
Rent of office, 162.72 
Twelfth Convention expenses, 320.72 
Traveling expenses, 67.85 
Postage and telegrams, 187.89 
Sundry expenses, 1 74.93 
Printing and stationery, 215.05 
Furniture, H4- 1 5 



$4,186.60 



325 

Expenses of Committee. 

Standardizing potential for street 

railroad, 21.60 

Memorials, 5.00 

Copper tariff, 1 10.00 

Legislation, 107. 50 



Total disbursements, $3,920.42 

Balance an hand, 266.18 



$4,186.60 



This report is certified by the Auditing Committee of 
the Executive Committee, as follows : 

Providence, February 19th, 1891. 

That the Finance Committee of the National Elec- 
tric Light Association do hereby certify that they have 
examined the books and vouchers of the said Association 
and find the same to correspond with the hereto attached 
report. 

{Signed) Finance Committee, 

John A. Seely, 
M. J. Francisco. 

Mr. Seely : Mr. Secretary, the statement previ- 
ously made was July ist to Jan. ist. Isn't it July ist to 
January 31st? 

The Secretary : No, sir; January ist. 

Mr. Seely : I would also like to ask the amount of 
money that has been collected since January ist up to 
our meeting here February 1 9 ? 

The Secretary : I wish to add a little to the report 
I made. I did not embody it in t^ report because I 
did not know whether the Conveii0ik)n wanted it to 
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appear in the record. That report shows bills payable 
$i,ooo. At the same time there are bills that have not 
been audited or paid, created in the month of December 
for printing ; sundry printing bills, $202.85, and for the 
printing of the Prospectus and Review of the Twelfth 
Convention proceedings, $134.00. That would make 
the total debt of the Association at that time $1,336.85. 
Deducting from that the cash on hand the net debt of 
the Association on the first day of January this year was 
$1,070.67. 

Now, I will answer Mr. Seely's inquiry. The cash 
received for dues since the first of January has enabled 
me to pay the loan of $1,000. I have paid all the cur- 
rent expenses except the printing bills that I have just 
reported. I have paid myself for the month of Febru- 
ary, so I am little ahead, and we now have on hand 
$2,548.93. 

. Mr. Seely : Does that include the collections from 
the advertisements that have come in ? 

The Secretary : I have omitted all reference to the 
Twelfth Convention, and for this reason ; the bill for 
printing i ,000 volumes of the book you have seen is just 
a little under $1,300. My own estimate was, when I 
started that book, that it would cost $1,200. The print- 
ers estimate was $1,000. I have his bill, which 
includes printing a thousand volumes, the wrapping and 
mailing of them, and everything pertaining to the issue 
of the book, and it is just a little under $1,300; say 
$1,300 in round numbers. I have planned to put in the 
book sixteen pages of advertising, for which I expect to 
get $100 a page. As a part of the consideration for the 
advertising I propose to advertisers that, when the book 
is completed, I will take the sixteen pages of advertise- 
ments, the title page of the book and the table of con- 
tents, and make it into a pamphlet in the same style as 
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the prospectus I spoke about, and mail that pamphlet to 
every company in the United States. That will cost in 
the neighborhood of $200, and adding that to the cost 
of the proceedings, it will run the cost of the issue up to 
about $1,500. If I place the sixteen pages of advertis- 
ing at $100 a page it will, as you might say, evenly pay 
the bills so that the issue of the volume will cost the 
Association practically nothing. I now have half of that 
advertising under contract, and, undoubtedly, could have 
had it all, but I had so many other things to attend to 
lately I could not give sufficient time to this. 

Mr. Seely : My object in asking for these points to 
be brought out was to show the financial condition of 
the Association. A year ago, when our President was 
elected, it was reported that this Association would break 
up in six months, and at that time the executive board 
went into session and we discovered that there was 
$1,200 turned over to this executive board with a great 
flourish. Shortly afterwards we discovered that the 
Association was deeply in debt, and we had to borrow 
money to pay the debt. We, as members of the execu- 
tive board, thought that it did not become the dignity 
of the gentlemen to belong to a body that could not pay 
its debts. Consequently, when the creditors pressed us, 
the members of the executive board put their hands in 
their pockets and paid the debts. I believe the Associa- 
tion is to-day in a more flourishing condition than it has 
been in since its organization. We could pay all the 
debts to-day up to the present time, collecting what is 
due us, and have a surplus of $2,800. 

Mr. Alexander : I was going to make a motion 
that the reports of the secretary and treasurer be filed. 

The President : If that is your pleasure gentlemen 
— I hear no objection — such action will be taken. 
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I will interrupt the proceedings just for a minute. 
As a last act of courtesy to me, for when we meet again 
I shall cease to be your President, Mr. Edward Weston 
is here from Newark, N. J., and he wants to talk for a 
few minutes, and I will ask you to remain in your seats 
and not go away, and the Executive Committee earnestly 
recommend that this Association elect Mr. Weston, for 
the splendid original work that he has done in inven- 
tions — particularly of late in central station instruments 
— elect him as an honorary member, and that I be 
permitted now to invite him into the meeting. 

Judge Armstrong : I move that the recommenda- 
tion of the President be adopted. 

The motion was carried, and Mr. Weston was es- 
corted to a seat upon the platform. 



The President : Gentlemen of the Convention, it 
gives me great pleasure to present one of the four names 
that stood high in the annals of the American inventors, 
one of the very first to enter the field of electricity. 
Yesterday we had with us, Thomson ; to-day, Weston. 
The other two. Brush and Edison, have honored us 
either by their presence or by letters that show conclu- 
sively that they were interested in our proceedings, but 
were prevented from coming here by circumstances 
beyond their control. There is no word that I could 
use that would introduce him to you more fully and 
completely than simply to call the name of the gentle- 
man, Mr. Edward Weston, of Newark, New Jersey. 
(Applause.) 

ELECTRIC MEASURING INSTRUMENTS. 



Mr. Weston : The President has requested me to 
make a few remarks, gentlemen, in regard to electric 
measuring instruments and their methods of use and 
care. A few years ago such a thing would have seemed 
almost impossible. The growth of the industry has been 
so enormous and the money invested so great that it 
gives me indeed great pleasure to see that the gentlemen 
who are engaged actively in this business every day 
realize the value and necessity of accurate work in the 
mechanical departments and in the electrical departments. 

Like almost every other industry there is an experi- 
mental state, which is probably the most trying stage, 
when disappointment after disappointment occurs, first 
with the apparatus, and later on from a lack of knowl- 
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edge of its limitations. As that disappears, people 
become better and more fully acquainted with the need 
of stricter and closer attention to all the details, in order 
to assure complete commercial success. In 1881 to 1882 
a proposition to place a voltmeter of excellence or an 
ammeter of excellence on every plant or in connection, 
with every dynamo, as was suggested here to-day by Mr. 
Smith, would have been met, I think, very largely by 
ridicule. That was not the fault of the users as much as 
it was, probably, of the people who were engaged in 
pushing forward the commercial end of the business. 
The users could not be expected to understand that 
matter or appreciate that if they did not use such appli- 
ances it, in the end, made considerable loss. 

I was greatly pleased to-day with the paper of Mr. 
Smith. It embodied so many excellent suggestions in 
regard to the care of plants, the exact means of finding 
out where difficulties arise, of locating them instantly and 
removing them quickly. The necessity of continuous 
hard service has been fully recognized. Mr. Smith dealt 
very fully with the details of the arrangement that he 
planned to secure those desired ends. He dealt very 
fully, also, with the methods of switchboard construction, 
certainly a very much needed reform. Almost every seri- 
ous fire that has occurred in an electric lighting station has 
owned its origin and done most of its mischief through 
the agency of the switchboard. I have had occasion to 
examine quite a number of the results of such fires and 
I have almost alw^ays traced it back to their switchboard, 
where there was an amount of inflammable material col- 
lected, which was bound to give rise to some serious 
trouble. That is nearly wiped out. Wooden construc- 
tions are rapidly disappearing. Dangerous insulating 
materials, likely to carry fire from one section of a build- 
ing to another, are being given up. The question of in- 
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sulation is of less importance inside the station than the 
question of safety from fire. Compared with the early- 
stages of the art it was indeed gratifying to me to find 
that these things had gradually become recognized as a 
necessity and not only so recognized, but urged upon the 
attention of a body of intelligent men such as we have 
had here to-day. 

In regard to instruments I would say this — that al- 
most every instrument has its peculiarity. To speak of 
them generally you will find that all of them have de- 
fects, and all of them must have their merits. They 
must all be used properly or any one of them must be 
used under certain conditions in order to yield certain 
and accurate results. The voltmeter of the Cardew 
type, which is supposed to be a very permanent form 
of voltmeter for use with alternating or direct currents, 
is so extremely sensitive to changes in temperature 
from external sources as to make quite a perceptible 
error, and one which would in the end cause a 
station considerable loss. If any would like to satisfy 
themselves about that let them place such an mstru- 
ment in circuit near a window through which the sun is 
shining, shield it from the sun's rays, turn the current 
on observing the reading. Let the sun's rays fall on 
the tube and notice the change. I think most of you 
will be considerably surprised to find that the percent- 
age of change is very large under those conditions. 
The Cardew instrument properly used will yield excel- 
lent results. It should not, of course, if accurate read- 
ings are desired, be placed in a vertical position. The 
index moves too much, and I believe you all fully 
realize the fact that a volt or two volts additional on an 
incandescent lamp enormously shortens its lifetime, be- 
sides adding largely to your coal bill. 

In direct current instruments it will be supposed by 



33^ 

many persons that because many contain no permanent 
magnet that their readings are not affected by their prox- 
imity to a dynamo. Do not believe it. It is not so. 
It is a very easy matter to ascertain how much their 
readings are affected under different conditions, but you 
will find that they are very seriously affected, and in gen- 
eral no instrument that is being used for the purpose of 
making an accurate determination should be placed near 
any disturbing force, either conductors carrying powerful 
currents or other magnetic fields. That should be strictly 
avoided. The Cardew is less affected in that respect 
than some others, but it is not entirely free from that 
difficulty either. Those instruments that are least affected 
are instruments of the zero type. That is to say, where 
you balance a known electromotive force against the un- 
known electromotive force by means of a rheostat — ^the 
potentiometer type. Those are less liable to be affected 
than any of the so-called direct reading instruments. But 
they are also affected — their sensibility is reduced. In 
making readings they should never be placed very near 
dynamos. 

Permanent magnet types of instruments, which have 
certain very desirable qualities for general use in direct 
current measurements, should never be taken very close 
to dynamos. If the magnets are properly made and the 
magnetic construction is good you may trust permanent 
magnet instruments implicitly for years, supposing they 
arf used with due care. . The most careful exaniination 
has revealed the fact that after three years continuous 
use the change has amounted to less than one-tenth of 
one per cent. Now, how is that secured and how is it 
maintained ? It is secured in the first place by very 
careful selection of the steel and very careful artificial 
etching and also in the design of the instrument. Those 
three things come into play there. After they leave 
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the instrument maker's hands they sometimes get pretty 
badly abused. People are not very apt to think how much 
labor has been spent making those instruments. They 
should not be used roughly by any means. They should 
be carried with extreme care and not very much jarred, 
because the jarring, while it does not affect the magnet 
at all, jarring and jolting that they get striking car seats 
and such things, jumping them down on tables, is likely 
to damage the pivots or jewels which carry the moving 
parts and so introduce the element of friction. The ele- 
ment of friction is a very serious thing in a very large 
number of instruments. In some the error will amount 
to three or four per cent. In others it is much less. 

In voltmeters there is another source of error which 
should be looked after, particularly in some forms of 
instruments, very carefully. Voltmeters whose coils are 
wound with copper, unless they have compensators, or 
some device for compensating for the change in the 
temperature of the copper, are not reliable instruments to 
use for station work. It is commonly known, of course, 
that the co-efficient of error of temperature, as it is com- 
monly called, is very large for copper. It amounts to 
about one per cent, for every five degrees Fahrenheit. 
Therefore, a change of 20 degrees introduces an error in 
such instruments of about four per cent. ; a larger change, 
of course, introduces an error correspondingly greater. 
German silver does that to a less degree, of course. 
But even there there are serious difficulties to be met in 
getting an instrument which, at the same time that the 
temperature co-efficient is low, will not heat too much 
by the passage of the current. So that no instrument 
should be sent out as a standard voltmeter, or as a volt- 
meter to check other voltmeters, without an absolute 
statement of its temperature error and some means for 
providing for its ascertainment. It does not suffice to 
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notice the temperature of the surrounding air, because 
the temperature of the coils inside of the instrument 
may be very different from that of the surrounding air, 
especially after the instrument has been in circuit a short 
time. The way in which electricity acts is so well under- 
stood that all those cases have been pretty well worked 
out, but in getting accuracy in the instruments there is a 
great deal more to be done. Some years ago I had the 
good fortune to discover an alloy in which the tempera- 
ture co-efficient was practically nothing. We have used 
that to some extent, not to the extent that I should like 
to see it used and expect to use it later on. That alloy 
has given us a great deal of trouble in working. We 
have had to learn how to work it, and I do not think we 
fully understand it yet ; but when we get that alloy in 
shape, then the temperature error will be practically 
eliminated. How near we have approached this elim- 
ination, you can judge when I tell you that our 
ordinary standards — I am speaking of voltmeters, I do 
not speak of ammeters — the changes are less than one- 
quarter of one per cent for 35 degrees Fahrenheit. 

Regarding the use of instruments it has been very 
strange to find — of course, this is not in stations, it is 
generally in isolated plants, but we have found instru- 
ments with which you are well acquainted, on the 
switchboard, nailed up, nails driven through the bases, 
not even holes bored in. Now, the type of instrument 
we have put on the market we never intended for 
switchboard use. It was intended as an absolute stand- 
ard, to be kept with care for checking other cheaper 
forms of instruments for general use. As a matter of 
fact no one meter, strictly speaking, exactly meets the 
requirements of central station work. The index does 
not move far enough to enable you to see the minute 
changes, apparently minute changes, at any reasonable 
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distance from the instrument itself. An instrument 
for station work should have a very large movement 
for a single volt, so that a man can see across the 
room quite readily a change of a single volt. Of 
course, that cannot be done with the form that we put 
out. There have been some instruments of that type 
put on the market. Some had very good qualities ; 
unfortunately some had very bad qualities. There has 
not been any complete solution, I think, of that problem. 
The nearest approach to it was two instruments, one 
made by the United States Company, the other by the 
Edison Company. Both forms had serious objections. 
The one did not remain constant ; the other did remain, 
but it was a very delicate instrument, and after being in 
a station was more or less affected ; in fact, considerably 
affected by external influences. That problem remains 
to be solved, so to speak, yet, so as to produce a satis- 
factory volt indicator with a very wide range for a very 
small change. 

Ammeters are, of course, of less consequence. There 
is not so much loss there as there is when you have the 
voltage changing. Your lamps do not suffer quite as 
much. Ammeters are based, of course, upon the same 
general principles as voltmeters. The forms of them 
are too numerous, almost, to mention, and too well 
known to need describing. Some new forms have 
recently been brought out which I think on test will be 
found to be very excellent. In a station ammeter you 
should have at least this one element, that it should not 
be affected even by the most intense fields, because it 
has got to be placed very close to the main conductors 
on the switchboard. It will be of very great impor- 
tance, much greater importance later on than it is now, 
when more machines are coupled in multiple arcs, 
especially when alternating current machines are coupled 



in multiple arcs. The load that each machine carries 
should be pretty fairly distributed amongst the various 
machines. To insure that, good instruments must, of 
course, be used. Any instrument which is seriously 
affected by external fields does not exactly meet the 
requirements of the arc. There is no doubt about that. 
Furthermore, its index should be prompt, positive, not 
slow coming to rest, and always moving naturally to the 
same position from the same current strength and for 
very little magnetic lag. Most of the ammeters, of 
course, are based on the action of the coil upon a mass 
of iron, most commercial forms of ammeters. A great 
many of them have a very large amount of lag. Some 
of them I have found to be upwards of 14 or 15 per 
cent, lag put out with endorsements, and endorsements 
sometimes of very high authorities, as to their excellence 
and general accuracy. Tests show them to be just the 
contrary. 

The ammeter question, with permanent magnets, is a 
much more serious matter to deal with than the volt- 
meter, and, of course, any permanent magnet would not 
do at all for alternating current work. A really portable 
form of alternating current instruments, similar in gen- 
eral character to the portable form of direct current in- 
struments, capable of being read directly, is a very great 
necessity, and, I think, will be supplied in a very short 
time. It is practically new and should be an instrument 
that could be carried around with the same degree of 
comfort that you carry a direct current instrument. 

I need not enlarge very much on this matter of in- 
struments, except to say that if instruments are used 
with greater care I am satisfied that the members of the 
Association will get far better results if the help are in- 
structed in regard to the care of the instruments, and it 
will most assuredly result in profits to the stations. 
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Judge Armstrong: I take great pleasure in mov- 
ing the recommendation be adopted which was made 
through the Executive Committee that we elect our 
guest to honorary membership. 

The motion was carried. 

Mr. Weston : I am very much obliged indeed, for 
the honor conferred, and will endeavor in the future, if 
time permits, to do a little more active work before the 
Association than I have in the past. Your President 
called upon me some months ago to know if I wduld 
prepare a paper for presentation to the Association. I 
said I would if I possibly could. I explained to him 
exactly my situation, and nothing would give me greater 
pleasure than to have come here to give you a very 
elaborate paper on electrical instruments in a prac- 
tical manner, to have illustrated by experiment exactly 
the behavior of instruments, so that you might see for 
yourselves what you might expect in their daily use. I 
am sorry that I could not do it. Business has simply 
prevented it. For a long time I was steadily engaged 
on the witness stand in a very troublesome case which 
has taken four months of my time this year. I explained 
that to your President ; but I am deeply sensible of the 
honor conferred and I will endeavor to do a little more 
useful work than I have done before. 

The President : I wish to say that Prof. Weston 
was just a little bit diffident about speaking on this sub- 
ject, because he was interested in prosecuting the busi- 
ness, but I am sure that I can say to you gentle- 
men that the business consideration did not enter 
into it, but simply years of long faithful study 
of electricity and- its developments was the only con- 
sideration at all. We are only to glad to listen to him 
in his sound practical talk — one of the best we have 

Hstened to in the whole Convention, in my estimation. 
23 
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Mr. Seely : If there is no further' business before 
the Convention, I move you, sir, we now adjourn. 

The President : Before putting that motion, I have 
just a word to say in bidding you an official good-bye. I 
have to thank you one and all for your uniform courtesy, 
your earnest and heartiest sympathy and assistance which 
has been rendered to me all through the year. I feel it, 
and feel it very keenly. It is very pleasant to have you 
come and sever my official relation here at my own home, 
and I am very glad indeed that you have come here and 
have had an opportunity to inspect what I myself have 
been trying to accomplish in the way of advancing the 
electrical industries of the country, in promoting them, 
putting them on a substantial footing. I do not know 
there is anything more I wish to say. 

Motion to adjourn was then put and carried. 



APPENDIX. 



INTELLIGENT CARE INSURES SAFETY. 



Extract from the proceedings of the Twelfth Convention, 

^^Resolvedy That the Committee on Data be requested to exam- 
ine into and report all accidents happening in electric light sta- 
tions, and to what cause they may be attributed." 



National Electric Light Association, 

1 8 Cortlandt Street, New York City. 

To Companies, Firms and Persons 

Operating Electric Lighting and Power Stations, 

Gentlemen: — 

This Association desires to benefit your Company: — 

First, By securing data as a basis of satisfying public opinion 
that accidents occurring to employ6s engaged in operating elec- 
tric lighting and power plants, or in the maintenance and care 
of their lines, are not more frequent, severe, and are seldom dif- 
ferent in kind from accidents occurring to employes engaged in 
operating power plants or power-driven machinery of any kind. 

Second, By securing more- equitable rates of assurance against 
losses from claims for damages by employes receiving injuries, 
by removing public prejudice and furnishing reliable records 
upon which to calculate risks. 

Third, By demonstrating to employes that those who use in- 
telligent care and observe the rules published for their guidance 
take no unusual risks in following their occupations. 

Fourth, By gaining instruction from experience for the pur- 
pose of perfecting regulations for the prevention of accidents. 

These objects are in the direct line of your interests. The 
Association trusts that you will unite with others in securing 
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these objects, and, therefore, respectfully requests that you will 
fill out the within report, and forward the same to this office, 
and that hereafter you will promptly report as fully and explic- 
itly as possible each accident occurring to your employes dur- 
ing the year 1891: — 

If no accidents have occurred to your employes during the 
year 1890, a report to that effect will be of the highest value. Do not 
fail to send it. Respectfully, 

National Electric Light Association, 

By Allen R. Foote, 
Secretary and Treasurer. 



CONFIDENTIAL REPORT 

to the 
National Electric Light Association. 

Note. — In case accidents have occurred^ make a separate report for 
each. Additional copies will be furnished for that purpose. 

1. Name of Employer. 

Note. — Give full name of company^ firm or person. 

2. Full address of employer. 

3. Character of dynamos operated in plant. 

4. Continuous currents; highest voltage, highest amperage in 

use. 

5. Alternating currents; highest voltage, highest amperage in 

use. 

6. Total number of employ6s in station. 

7. Total number of accidents in station during 1890. 

8. Total number of employ 6s on lines. 

9. Total number ot accidents on lines during 1890. 

10. Report of accident to an employe. 

Note. — Give the initials only of the injured person. 

11. What was his regular occupation ? 

12. Was he engaged in his regular occupation at time of acci- 

dent ? 

13. How was he employed when accident occurred ? 

14. Describe machinery, tools, staging, etc., connected with 

accident. (If possible, give rough sketch.) 

15. Was it sound and in good working order at time of acci- 

dent ? 

16. Was he familiar with the work engaged in, or the machinery 

being operated, at time of accident ? 
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ly. Had he worked at a similar occupation prior to this employ- 
ment ? 

1 8. Describe nature of injury. 

19. Probable period of disability. 

20. Was he obeying instructions when injured ? 

21. What regulation did he disobey ? 

22. What regulation, if obeyed, would have prevented the acci- 

dent? 

23. If no rule has been formulated, the observance of which 

would have prevented the accident, please suggest a rule 
designed to provide for such contingencies. 

24. Date and hour of accident. 

25. Place at which accident occurred. 

26. Was accident due to want of ordinary care on part of in- 

jured person, or the negligence of any other person ? If 
of other person, give duties of that person. 

27. Report below in narrative form all the circumstances attend- 

ing the accident, and give a rough sketch if necessary to 
enable the cause of the accident to be easily understood. 



Extracts from Proceedings of Twelfth Convention. 

PAPER ON DANGERS FROM ELECTRICITY. 

By President Henry Morton, of Stevens' Institute of 

Technology. 

" Intelligently managed and controlled, the most powerful, 
and, therefore, in a sense, dangerous agencies become the most 
efficient protectors and servants of man, and not only aid him in 
his mission of subduing and utilizing nature, but actually pro- 
tect him in his work." — Morton, 

" With the aid of these dangerous agencies man conquers 
and renders tributary to his comfort and advancement those 
vast forces which control the entire matter of the universe." — 
Morton. 

" So far, it would appear as if no accidents have resulted from 
the use of electric currents when these rules have been followed, 
and that most, if not all, the accidents which have occurred 
would have been prevented had these rules been followed and 
obeyed." — Morton, (Leaflet copy of rules referred to furnished 
by the National Electric Light Association, 50 cents per 100.) 
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" Restrictions which might render it (electricity) harmless, 

certainly would render it relatively useless for the countless pur- 
poses in which its efficiency demands its full development." — 
Morton. 

DISCUSSION. 

"The prejudice existing in the minds of the public is so great, 
when a suit is brought against a company for an accident to 
an employfe of an electric lighting and power company, he de- 
manding compensation for damages for his injuries — it is utterly 
impossible to take the case before a jury on account of the preju- 
dice. It is considered that electric lighting companies are car- 
rying on their work regardless of the dangers by which their 
men are surrounded. This has compelled an increase in the 
premiums by nearly one hundred per cent. * * * if the re- 
sult shown by careful reports is what we anticipate it will 
be, there is no doubt it will be followed up by a reduction of 
prem ium s. ' * — Freethy. 

"If by a careful examination by the officers of this Association, 
and by a careful report from every company and member of this 
Association, it can be shown that the accidents in electric light 
stations are less, proportionately, than in other stations, merely 
because the men are more careful, dealing as they do with dan- 
gerous things, merely because the men are more watchful, hav- 
ing, as they do have, graver responsibilities, then we ought to 
have the full benefit that other companies get in their insur- 
ance. * * * If by giving full and accurate reports of every 
accident, and of every difficulty that occurs in all our stations, 
we can convince these Assurance Companies that there is very 
little danger to employes, we can, in that way, do a great thing 
and a good thing for our companies." — Armstrong, 
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INSIDE WIRING OF PDBLIC AND PRIVATE BDILDINGS. 






The Okonite Wires and Cables sLJiid at the head of the list 
for Arc and Incandescent Circuits, and are freely endorsed by 
the leading Architects and Electrical Engineers of this country 
and Europe. 

AWARDED A GOLD HEDAL AT THE PARIS EXPOSTIIOK. 

Send far Catalogue and Samples. 

Sole Manufacturers of Candee Aerial Wire, Okonite, 

Waterproof Tape and Manson Protecting Tape. 

BE.6-3SrOB;HIS ! 
Chicago, Boston, Cincinnati, Omaha, St. Loaia, 

Philadalpltia, San Francisco, Louisville, Minneapolis, Kansas Citf. 

South America, London. 



Washburn & Moen Manufacturing Co. 
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A SPECIALTY. 

Patent Galvanized Telegrapti and Telephone Wire in Long Lengths. 
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INCANDESCEHT MACHINES, 15 to 2,500 Lights. 
POWER GENERATORS, I to 150 K. W. 

MOTORS, ItD 150 H. P. 
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SIMPLE. AUTOMATIC. ECONOMICAL. 

The Best Is the Cheapest. 





^^^ 




«|Hoi 

f ' ^'tLECTRK 


^^ «:Go 1 

LlGHmOBE^E'-^ 




4492 


JT, the-Largest-LiKe-of = 

M\N0VELaA(lTISTIG.PATTEHNSaEFFEGTS| 
*''^^f^^ 42 MURRAY ST. NY. M 

SEND FOR CATALOGUE ' 


5114 







STANDARD UNDERGROUND GABLE GO. 



Times BulldlnfiT, ... NEW YORK, 

Rookery BulldlnsTf - - - CHICAGO, 

Westlnffhouse Bulldinsr. - - PITTSBURGH, 

Is now making and delivering the Electric Cables for the Underground Feeders 
of the 

PHILADELPfflA TRACTIOH CO.'S TROLLEY SYSTEM. 

We were the PIONEERS in this line of business, and this lot of cable 
represents the results of eleven years* study, tests, work, experience and 
improvement in Underground Electric Cables^ and these are the very best 
cables for the purpose ever made. 

And the price is low. 
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LECTRIC LIGHT CARBONS 
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Battery Material, 
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ELECTRIC APPARATUS 



-^s,c Lia-HiTinsrca-, 

Direct Cnrrent Incandescence LigMing, «- 

-^\ Alternating Cnrrent Incandescence Ligbtingi 
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THE BRUSH ELECTRIC CO., 

CLEVELAND, OHIO.. 
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- MANUFACTURERS OF = 



DYNAMOS, 

MOTORS »^° 

GENERATORS. 



KOTICH. 

THE MATHER ELECTRIC COMPANY is an entirely 
independent company, having no connection with any other 

THE MATHER SYSTEM of ELECTRIC LIGHTING 
and ELECTRICAL POWER TRANSMISSION is under the 
control exclusively of the MAT^IER ELECTRIC COMPANY. 

We are prepared to fill promptly all orders for machinery 
for incandescent lighting and electrical power transmissioo. 

THE MATHER ELECTRIC COMPANY, 
116 Bedford Street, BOSTON, MASS. 
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The Supply House is the one product of 
advanced civilization which is calculated 

TO PLEASE everybody. 

The MANUFACTURER IS GRATIFIED BECAUSE 

THE Supply House disposes of his goods in 

LARGE quantities, THEREBY SAVING HIM FROM 
A MULTITUDE OF SMALL ACCOUNTS AND MAKING 
EASIER THE PROCESS OF SELLING AND COLLECTING. 

The NEWSPAPER PUBLISHER IS GRATIFIED BE- 
CAUSE THE Supply House spends a good deal 

OF money IN ADVERTISING — MORE THAN MANU- 
FACTURERS. 

The BUYER IS gratified because he CAN 

get a variety of articles from the supply 
House, thereby saving him the trouble op 
writing for and receiving material from 
the four quarters of the globe, because 
THE Supply House brings out new devices 
in the line of improvement and lower cost. 

The buyer has further reason to be 

PLEASED. 

Sometimes the Supply House will " make 
A leader" of different articles, putting 

THE PRICE DOWN TO OR BELOW COST FOR THE 
SAKE OF ADVERTISING. ThE BUYER GETS THE 
ADVANTAGE OF THIS, AND IS HAPPY WHEN HIS 
INVOICES SHOW A DECREASE OF 20^ OR 2$% FROM 
THE PRICE HE PAID BEFORE. 

Of course, THERE ARE DIFFERENT KINDS OF 

Supply Houses, most of them will treat 
you well, we think ; but we try to treat 
people better than any one else does. 

Whether or not we succeed can be 
learned by dealing with us. 
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"^^OER, BARNEY & ^ 

INCORPORATCD, 
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20 CORTLANDT ST., NEW YORK CITY. 
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GENERAL ELECTRIC COMPANY, 

620 Atlantic Avenue, 44 Broad Street, 

BOSTON, MASS. NEW YOJRK. 

EDISON AND THOMSON-HOUSTON SYSTEMS. 

ELECTRICAL APPARATUS 

OF ALL KINDS. 

CENTRAL STATION LIGHTING PLANTS. 

Arc and Incandesoent. Alternating or Direct. 



Feeder and Three Wire Systems of Electrical Distribution. 



ISOLATED LIGHTING PLANTS AND 

COIPLETE PLAMTS FOR U6HTIM6 SHIPS, WAR YESSELS, ETC. 

ARC LAMPS. INCANDESCENT LAMPS. 

MINIATURE LAMPS FOR DECORATIVE EFFECTS. 



THE ONLY PERFECT STREET RAILWAY SYSTEMS. 

RAILWAY MOTORS. RAILWAY SUPPLIES. CONTROLLING APPARATUS. 

STATIONARY MOTORS, 

And all apparatus and appliances for Complete Transmission of Power Plants. 

MINING PLANTS. 

Hoists, Drills, Ventilators, Pumps, Coal Cutters. Mining Locomotives. 

Ampere-Meters METERS. Voltmeters 

THE EDISON INCANDESCENT LAMP IS THE ONLY 
INCANDESCENT LAMP LAWFITLLT MADE. 



620 Atlantic Avenue, Boston, Mass. 44 Broad Street, New York. 
173-175 Adams Street, Chicago, ill. 509 Arcli Street, Pliiiadelpliia, Pa. 
Gould Building, Atlanta, Ga. Masonic Temple, Denver, Colo. 

264 West Fourtli Street, Cincinnati, 0. 401-407 Sibley Street, St. Paul, Minn. 

1 5 First Street, San Francisco, Cal. 
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DURABLE. EFFICIENT. BRILLIANT. 



The only LAMPS containing NO MERCURIAL VAPOR 

are those Exhausted by the 

Beacon + Vacuum + Pump 



(gi OWNED BY THE1§) 



BEACON YAGDDM PUMP AND ELEGTRIGAL CO., 

• - - OF BOSTON 9 MASS., =:====Q 

NIANUKACTURERS OK THE 

Beacon Ingahdesceht Lamps. 



Recent disinterested and extensive tests prove that 
the blackeninjgr of these l^mps is but 10 to 20 per cent, 
of that of lamps exhausted by the mercurial process, 
thus establishing the claims of the manufacturers. 



best ivtount! 
The best Kilanient ! 

The Best Vacuum 1 



ir - t 



Mef York Office : GEMTRE BUILK UlUBERTT STREET. 
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Germknik ' Electric - Co, 



SYSTEM. DE KHOTINSKY. 



The Germania Dynamos. 

The Improved Schaefer Incandescent Lamp, 

The de Khotinsky Incandescent Lamp. 

De Khotinsky Storage Battery . 

Switches. 

Transformers. 

Shadeholders. 






WORKS: MARLBOROUGH, MASS. 

OFFICES: 620 ATLANTIC AVENUE, BOSTON, MASS 



OOUBIiEDAY, MITCHELL & CO., 

136 Uberty Street Mew York, N, Y. 

OTIS K. STUART, 

21 City Trust Building, Philadelphia, Pa. 

GEORGE CUTTER, 

329 The Rookery, Chicago, III. 

NATIONAL ELECTRIC DEVELOPMENT CO., 

914 Calif oraia Street, San Francisco, Cal. 
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Fort Wayne Electric Co. 



MANUFACTURERS OF 



ELECTRIC LIGHTING- 



AND 



POWER SYSTEMS. 

LONG DISTANCE INCiHDESGEMT LIGHTING. 



(Slattery Induction System.) 

ARC LIGHTING. 

(Wood System.) 



CONSTANT CURRENT and 
CONSTANT POTENTIAL 



DYNAMOS. 



Alternating Gnrrent GonYerters, Meters and Appliances. 



ARC LIGHT CUT-OUT BOXES. 



GEHEt^ATOt^S FOR PoUlBti Put^PO*SES. 



For full particulars, address : 



FORT WAYNE ELECTRIC CO., 

FORT WAYNE, INDIANA. 
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The 

Best 

Electrical 

Paper 

Is 

The 

WESTERN 

ELECTRICIAN 

Published 

At 

6 

Lakeside 

Building 

Chicago. 





THE KNAPP ELECTRICAL WORKS, 

HEADQUARTERS FOR 

EVERYTHING ^ ELECTRICRL 



SAFETY RUBBER COVERED WIRES, CABLES, ETC. 

PERKIJTS' IJVCAJVBESCEJ^T LAMPS. 

WEATHERPROOF, UJVBER WRITERS 

AJVD MAOJfET WIRES. 

SWITCHES, SOCKETS, CUT-OUTS. 



Wo Huufutura ail kinds of Elootrioai Supplios and qnoto factory prioos. 



54 & 56 FRANKLIN STREET, 

o 
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SIXTEEN years' experience on a sharp competitive 
market finds the Shuitz Patent Sabie Rawhide 
Belting advancing In favor, not only for general machin- 
ery, but In the Electric Lighting and Power Industry, for 
whtch is specially made a belt noted for Its softness, 
pliability, great atretigtb, capacity for power transmiaaiou 
and durability, all of which it possesses In excess of any 
other known belt. This is known only by the name of 




For long "distances between centres of pulleys" 
there is no better belt than the Shuitz Patent Woven 
(Link) Leather Beit, which Is recognized' by the absence 
of iron rod and hinge movement. The links are held 
Just as firmly and securely by means of our rawhide 
rods. 

R mORD ir< SMRSOH - 

mm. DURABLE. FLEXIBLE UTERALLY. PERFECT COMTACT. 



For descriptive circulars, prices, etc., etc., addree: 
the manufacturers, 

THE SHUllTZ BEliTlHG CO.. 



ST. LOUIS, MO., 
NEW YORK, H. Y., 
BOSTON, MASS., - 
PHIUDELPHIA, PA., 



■ Bitmark aid Barton Streets. 

225 Pearl Street, A. B. Uurenoe, 
' 164 Summer Street, Geo, J. Kelley, Maeager. 

140 N. Third StreM, Jaa. GaraeH, Maiiaisr. 
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ITflBNB F. PHILLIPS, W. 1. BITBAWAT, W. H. BIWIEB, 




AMERICAN 
ELECTRICAL 
WORKS, 

PROVIDENCE. R. I. 

AiericaDite, Weatherproof i^ Underfriters 

Electric Light Line Wire. 



RAILWAY FEEDER AND TROUEY f IRE. 

INCANDESCENT AND FLEXIBLE CORDS. 



Americanite. Magnet, Office and Annun- 
ciator Wires. Faraday Cables. 

NEW YORK OFFICE, P. C. Ackerman, 10 Cortlandt Stmt. 
MONTREAL BRtNGH, Eugene F. Phillips' Electrical Works. 
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fidelity 

Carbon Manufacturing Co., 

ST. LOUIS, MO. 




TRADE 
MARK 



Aro Liglit Carbons, 

Carbon Brusbes, 
Plates and Specialties, 1 

. . Battery Carbons. 



SOLE MANUFACTURCRS OF 

SPECIAL HIGH GRADE CARBONS FOR WARD LAI 



mpP 



S. G. BoOHEl), ]VIanagei'. 




EMERSON 
^ ELECTRIC 
MFG. CO., 

1108-1110 

St. Charles St., 
ST. LOUIS, MO. 



Electric LigbtiDg and Railroad Specialties. 



The only Alternating Motor that gives satisfaction to the public. 

ForalaiH "Spring Clip" Cul-outs, "Midget" Fixture Cut-outs. Flush Swittlus, 

Htavy Main Linr Switches, Tke celebrated " Bagnall" Fuse Sinitih and 

" BagHall" Liv Trolley Crossing, Stage Regulators, SteilcAioardi 

for Central Stations, and a general line ef Electric Supplies. 





CLEVELnND, 

OHIO. 



The Largest Works, j 
The Greatest Variety. 
The Best Quality. 









THE NATIONAL CARBON CO. 

40 WILSON AVENUE, 

=^S^^S^EsCI.£VEI.AHD, OHIO. 

Electric Light Carbons, _^^ 

Motor Brushes, -^^ 
•^ Battery Material, 

Cored Cartons. 

THE HIGHEST QUALITY ONLY. 

TT"e r&spactfTjlLy solicit yoixr' trade. 
3«> 



PACKARD INCANDESCENT LAP8PS9 

MANUFACTURED BY THE 

NEW YORK & OHIO CO., 



IfliHRREN. 



■I 
OHIO. 



Efficiency, W Brilliancy, 
Maintenance of Candle Power. 



Jieee/tt disinterested ande.vteii^in' euiiipetitive tests prove 
the Packard Lamp to be of High Average Efficiency, very Long 
Life, and to Excel All Otheri in Brilliancy and Absolute Hainte- 
nance of Candle Power. 



inCKARD 



"..o. DYNAMOS >^ MOTORS. 




NBD BY 

THE PACKARD ELECTRIC COMPANT, 

'WA.ISieBKf, OHIO. 



THE FALLS RIVET &MACHINE CO, 

CUYAHOGA FALLS, OHIO. 




MANUFACTURERS OF 



FRICTION CLUTCH PULLEYS 



CUT-OFF COUPLINGS. 

POWER TRAriSmiTTiplG MHCHlNEl^Y 

OF ALL KINDS. 

Special attention given to the manufacture of Friction Clutches, 

Shafting, etc., for Electric Railway, Electric 

Light and Power Stations, 



8 so. CANAL ST., CHICAGO. S20 OLIVE ST., ST. LOUIS. 

IS CORTLANDT STREET, NEW YORK. 



ALPKED f. MOORS. 
CHARLES C. KINS. 
ANTOINB 80URN0NV1LLE. 



Klfred F. Moore, 

INSULATED ELECTRIC WIRE AND CABLES, 

FLEXIBLE CORDS, ETC. 
200 N. TMrd Street, PHILADELPHIA, PA., U. S. A. 



Eddji Glectrie 

THE EDDY 
ELECTRIC 
MFG. CO 

WINDSOR, CONN. 




New York, 136 Liberty St. 
Boston, 30 Oliver St. 

Ciilcago, Monadnoclc B'Id'g. 
Denver, Equitable Buildino. 



T»« GOODRICH HARD RUBBER CO., 

MANUFACTURERS OP AKRON, OHIO, 

HARD RUBBER GOODS 

FOR 

ELECTRICAL PURPOSES. 

FLEXIBLE TUBING, 

BATTERY CELLS, BUSHINGS, 
WRITE FOR SHEET, KNOBS, 

ILLUSTRATED CATALO GUE SWITCH HANDLES, 

AND PRICES. ETC., ETC., ETC. 

THE B. F. GOODRICH CO., 

Akron Rubber Works, Akron, O. 



SOFT RUBBER GOODS 

FOR 

ELECTRICAL PURPOSES. 

FRICTION TAPE, 

TUBING, 

SPECIALTIES TO SOCKETS, 

ORDER- BUSHINGS, 

ETC., ETC., ETC. 

The Columbia Rubber Works Co, 

SELLING AGENTS, 

65 ((EADE STt^EET, l<lEGa YOt^K- 
Chicago House: l69-l'6l Lake Street. 
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For Twenty-Five Years the Standard 

HIBH-GRIOE IHSULITED WIRE FOR ILL ELEGTRICIL PURPOSES. 

Sibmariiu Armorgl CaUts for 
Electric U^t, Telepbone anl Tel- 
egrapb nse a Specialty. 

Aerial, UDdergroDnii and ODce 
Cables, an; nambtr ot CondDctors. 

KBRITE TAPE FOE 

WATERPROOF JOHTS. 

203 Broaiwir K. Y- 

■W. R. BRIXET, Manufacturer. 

FACTORY. SEYMOUR. CONN. 
F. W. CltSUINO. Uea'I WeHtern AgtMit. ••••i nearboro St., Chica^a. III. 

OATALOQUE AND PRICE-LIST ON APPLICATION. 

pVERY Electric Light Company, Manufacturing 
Company. Firm or Individual, whose interest is 
kindred thereto, should be a member of the 




National Electric ^ 



Light Association. 



The benefits are manifold, and repay many times 
the cost of membership, which is nominal. 
For further particulars address 

GEO. F. PORTER, 

Secretary, 
136 LIBERTY STREET, 

New Vork City. 
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